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(54) RECEIVING CIRCUIT 

(57) A receiving circuit mainly availat)le in a digital 
modulation type communication system having a plural- 
ity of channels, which is capable of reducing power in a 
receiving system, simplifying the drcu'rt and reducing 
the power consumption. Upside and downside frequen- 
cies corresponding to a central value between channels 
are separately supplied from a local frequency signal 
generating circuit 4 to first and second frequency con- 
verting circuits 2, 3 so tiiat two output signals are devel- 
oped with respect to one of a desired wave, upside 
channel and downside channel. The desired wave 
present in common in the first and second frequency 

Fls. 1 



converting circuits 2. 3 is extracted in a common wave 
extracting circuit 5. and a frequency offset of coo existing 
in the output of the common wave extracting circuit 5 is 
removed a frequency offset circuit 6 and further an 
unnecessary frequency component is filtered by a filter 
8. In addition, the common wave extracting circuit 5 has 
transformers and. using its inductances, raises the dif- 
ference between the common wave and the non-com- 
mon wave within the circuit to more than two times that 
of a prior art. 
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Description 

RArK fiROUND OF T HE INVENTION 
5 [Field of the Invention] 

The oresent invention relates to a receiving circuit, and more particularly to a receiving circuit which Per|rtte sim^ 
of power consumption. 

10 

[Description of the Prior ArQ 

One of important points needed for a receiving circuit in communications is to possibly reduce Woh-frequenQrar- 
curt S^on^^^^y^essen a high power consumption factor. -'^-J^^ ^^J^^^^^r^- 
IS Wterent in the high-frequency circuit, coupled with a space occupied by that circuit, "mese points ^^J>^^\"^ 

'^^t^B direct demodulation method, there have been developed a number of methods in which alocal oscillator 

freouency for a radio portable telephone is taken as fc and an offset frequency is taken to be fo. obtains fc + fo and tc 

■Ql IMMARY OF THE IN VENTION 

The present invention has been developed with a view to resolving the prior problems, aid it ^^ ^^^^'^ ^^J"^ 
obiert ^Th??e3^ention to provide a receiving drcuH in a communication system wrth a pluralrty ofchann^ 
ScMJi^e ^e^^ng the £^er necessary in a receiving 

' ''TlSr'Se'neral object of this invention is to provide a receiving circuit which can provide the frequencies fc * to 
^rt^afc^r^ectofthisinventfenistostructur^^^ 



25 



30 



35 



2 



EP0 742 647A1 



verting drcuit. a common wave extracting circuit for extracting a component present in common in both outputs of the 
first and second frequency converting circuits, a frequency offset circuit for renrx)ving a frequency offset remaining in an 
output of the common wave extracting circuit, and a f flter for rennoving an unnecessary frequency component remaining 
in an output of the frequency offset circuit. 

5 tn addition, in this invention, a means to resolve the prior problems Is added to a local frequency complementary 
offset type direct frequency converting system, which bases this invention. A space diversity function can be realized 
with a receiving circuit t>ased on a single direct quadrature detector. 

With this arrangement, a received signal obtained from an antenna is fed to the first and second frequency convert- 
ing circuits, white the local frequency signal generating circuit supplies, to the first and second frequency converting cir- 

10 cuits, two different frequencies, i.e.. the upside and downside frequencies corresponding to central values between 
channels, thus produdng two output signals in terms of each of a desired wave, an upside channel arxl a downside 
channel. Further, a desired wave channel signal being a signal component present in common in both the first and sec- 
ond frequency converting circuits is extracted in the common wave extracting circuit Since a frequency offset of coo 
remains in the output of the common wave extracting circuit a minute frequency conversion is carried out in the offset 

IS frequency circuit to remove the offset amount. Moreover, an unnecessary frequency component generated in this proc- 
ess is removed through a filter, before the resultant signal is supplied as a basek>and signal to a basebarxl signal 
processing section. 

In accordance with a preferred form of this invention, a receiving circuit comprises first and second frequency con- 
verting circuits for accepting a received signal obtained through an antenna, a local frequency signal generating circuit 

20 coupled to the first and second frequency converting circuits for generating middle frequencies between a radio cam'er 
frequency of the received signal and radio carrier frequencies of adjacent upside and downside channels and further 
for outputting the upside frequeru^y of the upside and downside two wave frequencies as a conversion frequency input 
to the first frequency converting circuit and for outputting the downside frequerx^y thereof as a conversion frequency 
input to the second frequency converting circuit a common wave extracting circuit for extracting a component present 

2S in common in both outputs of the first and second frequency converting circuits, a frequency offset circuit for renrxiving 
a frequency offset remaining in an output of the common wave extracting circuit, and a fitter fbr renrtoving an unneces- 
sary frequency component remaining in an output of tiie frequency offset circuit. 

In another preferred form of this invention, a receiving circuit comprises first and second frequency converting cir- 
cuits for accepting a received signal obtained through an antenna, a local frequency signal generating circuit coupled 

30 to the first and second frequency converting circuits for generating middle frequencies between a radio carrier fre- 
quency of the received signal and radio carrier frequencies of adjacent upside and downside channels and furtiier for 
outputting the upside frequency of the upside and downside two wave frequencies as a conversion frequency input to 
the first frequency converting circuit and for outputting the downside frequency thereof as a conversion frequency input 
to the second frequency converting circuit, a first frequency offset circuit for removing a frequency offset contained in 

35 an output of the first frequency converting circuit, a second frequency offset circuit fbr removing a frequency offset con- 
tained in an output of the second frequency converting drcurt. a common wave extracting circuit for extracting a com- 
ponent present in common in tx>th outputs of the first and second frequency offset drcuits. and a filter for removing an 
unnecessary frequency component left in an output of the common wave extracting circuit. 

In a further preferred form of this invention, a receiving circuit comprises first and second frequency converting cir- 

40 cuits for accepting a received signal obtained through an antenna, a IpcaLfrequency signal generating circuit coupled 
to the first and second frequehcy~o6nverti~ng drcuits for generating middle frequendes between a radio carrier fre- 
quency of the received signal and radio carrier frequencies of adjacent upside arxl downside channels and further for 
outputting the upside frequency of the upside and downside two wave frequendes as a conversion frequency input to 
the first frequency converting drcuit and for outputting tfie downside frequency thereof as a conversion frequency input 

45 to the second frequency converting drcuit. first quantizing means for quantizing an output of the first frequency convert- 
ing drcuit second quantizing means fbr quantizing an output of the second frequency converting drcuit. a common 
wave extracting circuit for extracting a component present in common in both outputs of the first and second quantizing 
means, a frequency offset circuit for rerruTving a frequency offset remaining in an output of the common wave extracting 
drcuit; and a filter fbr removing an unnecessary frequency component left in an output of the frequency offset drcuit. 

50 In a further preferred form of this invention, a receiving drcuit comprises first and secorxl frequency converting cir- 
cuits for accepting a received signal obtained through an antenna, a local frequency signal generating drcuit coupled 
to the first and second frequency converting circuits for generating middle frequendes between a radio carrier fre- 
quency of tiie received signal and radio cannier frequencies of adjacent upside and downside channels and further for 
outputting the upside frequency of the upside and downside two wave frequendes as a conversion frequency input to 

55 the first frequency converting drcurt and for outputting the downside frequency thereof as a conversion frequency input 
to the second frequency converting drcuit. first quantizing means for quantizing an output of the first frequency convert- 
ing circuit, second quantizing means for quantizing an output of the second frequency converting circuit, a first fre- 
quency offset drcuit for removing a frequency offset contained in an output of the first quantizing means, a second 
frequency offset circuit fbr renrKSving a frequency offset contained in an output of the second quantizing means, a com- 
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"nt^rther ^"e.ed form of *.is invention, a receiving circuit conprises first and second quadrature (orjj^on^ 
6J^>^<iSiSrZei>ArrQ a received signal obtained through an antenna, a ^^'^^^ gS^"J 
ID the first and second quadrature demodulating ciroiits generating '^•^•^^^^"^^^^^gj 

auadrXe demodulating circuits for extracting a component present in common m both a Q 

Z^^^reuit a second freauencv offset drcutt for removing a frequency offset remaining in the Q output ecttacted 

rfirx^:r.=g^^^^^^^^ 

^v^e iSS cS:uhS extracting a component present in common in both the I ^'^.^^'J 

^uSS SSt ci.?utts. a second common wave extracting circuit for retracting a .""^"^"^^^ 

S SeQ output of the first frequency offset circuit and the Q output of the second frequency offset «rcurt 61 reveis^ 

S!X^a^aSseoondlHe.sLremovlnounneces^ 

^'^rn^h^r~j>nssr^^^^ 

circuSs fTreceiving a received signal obtained through an antenna, a local frequency ^'^^^^^^^^^^^^^^ 

S drcurt. and a second filter for removing an unnecessary frequency component left in an output of the second fre- 
''"TatSt'^Saed form of this invention.areceivingcircun comprises f 

circiL fi^S7rS»i^^^9nal obtained through an antenna, a local frequency signal 9«neratng wcuit coupl^ 
to SiS a^^SSi^ratur; demodulating circuits for generating middle frequency between a ;ad.o «.ner fre- 
to the tirst ^ ^^^ . frequencies of adjacent upside and downside channels and f urther.for 
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extracting drcuit for extracting a component present in comnnon in the I outputs of the frequency offset circuit, a second 
common wave extracting circuit for extracting a component present in common in the Q output and a polarity-reversed 
Q output of the frequency offset circuit, a first filter for removing an unnecessary frequency component left in the I output 
extracted through the first common wave extracting drcuit. and a second filter for removing an unnecessary frequency 

5 component left In the Q output of the second common wave extracting circuit 

Furthermore, according to this invention, in a receiving circuit, a correlator for calculating a mutual correction is 
used in place of the common wave extracting circuit. 

In a receiving circuit according to this invention, only the first frequency converting drcuit is used for accepting the 
received signal, and after a frequency conversion by ttie first frequency converting circuit a frequency-converted output 

10 of a side where no frequency conversion is effected by the first frequency converting circuit is obtained by another fre- 
quency converting circuit to attain two frequency-converted outputs necessary for the comnxjn wave extraction. 

According to this invention, in a receiving drcuit only the first frequency converting circuit is used for accepting the 
received signal and only one of ttie first and second quantizing means is used for quantization, and after the quantiza- 
tion by the quantizing means, a frequency-converted output of a side where no frequency conversion is performed by 

IS the first frequency converting circuit is obtained by the digital frequency converting drcuit to obtain two frequency-con- 
verted digital outputs necessary for the common wave extiBction. 

According to this invention, in a receiving drcuit. only one of the first and second quadrature demodulating drcuits 
is used for accepting the received signal, and two outputs of the quadrature demodulating drcuit are frequency-con- 
verted by tiie frequency converting circuit to obtain a frequency-converted output of a side where no quadrature demod- 

20 ulation is made, to obtain two quadrature-demodulated outputs necessary for the common wave extraction. 

According to this invention, in a receiving drcuit. only one of the first and second quadrature denrxxiulating circuits 
is used for accepting the received signal and only the second and third quantizing means are used, and after the quan- 
tization by the quantizing means, two outputs of the quantizing means are frequency-converted by the digital frequency 
converting circuit to obtain a frequency -converted output of a side no quadrature demodulation is effected, to obtain two 

25 quadrature-modulated outputs necessary for the common wave extraction. 

Furthermore, in a preferred form of this invention, a receiving circuit comprises first and second frequency convert- 
ing circuits fbr accepting a received signal obtained through an antenna, a local frequency signal generating circuit cou- 
pled to the first and second frequency converting circuits fbr generating middle frequencies between a radio carrier 
frequency of the received signal and radio carrier frequencies of adjacent upside and downside channels and further 

30 for outputting the upside frequency of the upside and downside two wave frequencies as a conversion frequency input 
to the first frequency converting circuit 2 and fbr outputting the downside frequency thereof as a conversion frequency 
input to the second frequency converting circuit, first and secorxi integrating circuits, serving additionally as low-pass 
filters, for receiving outputs of the first and second frequency converting circuits through input lines, first and second 
buffer amplifiers for receiving outputs of the first and second integrating drcuits. first and second transformers having 

35 the same construction and having primary coils whose one ends accepts outputs of the first and second buffer amplifi- 
ers, tiie other ends of ttie primary coils of the first and second transformers being grounded in the fbrm of alternating 
currents, and secondary coils of the first and second fa-ansformers being coupled in parallel to each other in accordance 
with polarities of the primary coils and one erxds of the secondary coils equal in polarity to the primary coils is used as 
an output terminal while the other ends of the secondary cdls are grounded, a third txjffer amplifier for accepting an 

40 output from the first and second transformers, a frequency offeet drcuit for removing a frequency offset remaining in an 
output of the third buffer anplifler. arvJ a'fiiter for removing an unnecessary frequency component remaining in an out- 
put of the frequency offset. 

In a further preferred form of this invention, a receiving drcuit comprises first and second frequency converting cir- 
cuits fbr accepting a received signal obtained through an antenna, a local frequency signal generating drcuit coupled 

45 to the first and second frequency converting circuits for generating middle frequendes between a radio carrier fre- 
quency of the received signal and radio carrier frequencies of adjacent upside and downside channels and further for 
outputting the upside frequency of the upside arxi downside two wave frequendes as a conversion frequency input to 
the first frequency converting drcuit and for outputting tiie downside frequency thereof as a conversion frequency input 
to the second frequency converting circuit, first and second differential amplifiers for accepting outputs of the first and . 

50 second frequency converting circuits tiirough input lines, first and second integrating circuits, serving additionally as 
low-pass filters, for correspondingly accepting outputs of the first and second differential amplifiers, first and second 
buffer amplifiers for supplying outputs of the first and second integrating circuits, means for making a feedt>ack from an 
output side of each of tiie first and second buffer amplifiers to a negative input side thereof, first and second transform- 
ers having the same construction and having primary coils whose one ends accepts outputs of the first and second 

55 buffer amplifiers, the other ends of the primary coils of the first and second transformers being at least grounded in the 
form of alternating currents, and secondary cdls of the first and second transformers bang coupled in parallel to each 
other in accordance with polarities of the primary coils and one ends of the secondary coils equal in polarity to the pri- 
mary coils is used as an output terminal while the other ends of the secondary coils are at least grounded in the form 
of altemating currents, a third buffer amplifier fbr accepting outputs of the first and second transformers, means fbr com- 
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paring an output of the tWtd buffer amplifier with an average of the output of the first frequency convertng circutt and 
the output of the second frequency converting circuit to correct the outputs of the first and second frequency convertng 
circuits, means for causing an output of the third txiffer amplifier to be feedbacl«d to one of the first and second fre- 
quency converting circuits to conect a difference between the outputs of the first and second frequency converting ar- 
cuits a frequency offset circuit for removing a frequency offset remaining in the output of the third buHer amplifier, and 
a filter for removing an unnecessary frequency component remaining in an output of the frequency offset circuit 

In aocoidance with this invention. In receiving circuit, the one end of the secondary coil different in polarity from the 
primary coil is connected with the third buffer anplif ier in place of the end end of the secondary coil equal m polarity to 
the primary coll being connected therewith. 

In accordance with this invention, in a receiving drcuH. the one end of the secondary coil different in polarity from 
the primary coil is connected with the third buffer anplif ier in place of the end end of the secondary coil equal m polarity 
to the primary coll being connected therewith. . , j. 

A receiving circuit accoiding to this invention further comprises local frequency generating means including a first 
frequency signal source for generating a signal with a frequency equal to a carrier frequency of a desired receiving ag- 
nal first means for accepting a signal from the first frequency signal source to phase-shift the accepted signal by a 
ph^e amount of with respect to a frequency of the accepted signal, a second frequency signal source for generat- 
ing a frequency signal equal to 1/2 of a frequency channel spacing, second means for accepting a signal fromi the MC- 
ond frequency signal source to phase-shift a frequency of the accepted signal by a phase amount of n/Z. a first 
quadrature modulator comprising a multiplier for receiving the two signals from the first and second frequency signal 
sources and a multiplier tor receiving two signals from the first and second phase-shifting means, anda second quad- 
rature modulator coitprising two multipliers for receiving one of the two signals fnxn the first and second frequency sig- 
nal sources through the phase^lfting means. . , „„^,i^ 
A receiving circuK according to this invention further comprises local frequency generating means including a f iret 
frequency signal source for generating a frequency signal equal to a carrier frequency of a desired receivir»g signal first 
means for accepting a signal from the first frequency signal source to phase-shift the accepted signal by a^wse 
amount of tiC with respect to a frequency of the accepted signal, a second frequency signal source for generating a 
frequency signal equal to 1/2 of a frequency channel spacing, second means for accepting a signal from the second 
frequency signal source to phase-shift a frequency of the accepted signal by a phase amount of n/2 muftiphere for 
receiving the two signals from the first and second frequency signal sources, and means tor inverting the polarity of an 
output of one of the midtipliere to add the polarity-inverted output to an output of the other multiplier. 

A receiving circuit accoiding to this invention further comprises tocal frequency generating means including a fre- 
quency signal source fbr generating a frequency signal equal to a carrier frequency of a desired receiving signal, means 
tor accepting a signal from the frequency signal source to phase-shm the accepted signal by a phase amount of «/2 in 
relation to a frequency of the accepted signal, a quadrature modulator comprising two multpliere for acceptng a fre- 
quency signal from the frequency signal source through the phase shifting means, and means tonmwm the poterity 
of an output of one of the two multipliers and for adding the polarity-inverted output to an output of the other mumplier. 

In accordance with this invention, a receiving circuit includes means tor analog-to-digital-convertng and sec- 
ond received signals obtained through one of the frequency converting circuits and the quadrature demodulating cir- 
cuits first and second Fourier transformers for accepting digital oufouts of the analog-toKligital converting means, 
resp^ely. a correlator fbr accepting outputs of the first and second Fourier transformers at evwy frequency oompo- 
nent a weighting functton device fbr accepting an output of the correlator, a weighting value multiplier for accepting an 
outplit of the weighting function device, an adder fbr accepting the outputs of the first and second Fourier transformers, 
and means for inputting an additton result of the adder to the multiplier, and an inverse Fourier transformer for acc^ting 
an output of the weighting value multiplier, wherein an diverse Fourier transformed output of the inverse Fbuner trans- 
former is used as a desired wave extraction result. . ^ . ,. 

Moreover in a prefened tonn of this invention, a receiving circuit comprises received signal inputting means fOr 
receiving a received signal from an antenna, a quadrature demodulator tor carrying out a frequency converting pnce^ 
of the received signal from the received signal inputting means, first and second analog-to-digital converters for accep^ 
ing an output signal of ttie quadrature demodulator to convert its analog signal imo a digital signal, a samphng ciocK 
generator for generating, to ttie first and second analog-to-digital converters, a dock with a frequency which is more 
Vhan two times a frequency corresponding to a bandwidth of the received signal, an adding drcuit for adding a delayed 
pulse tiain (sequence) to a pulse train from ttie sampling do* generator, means for providing the pulse train from tiie 
sampling do* generator and the delayed pulse train as an sampling pulse for the analog-toKligital oofwerters. and 
means for extrading a quadrature conponent of a desired receiving channel signal from digital oufout data of the ana- 
log-to-digital converters. 

In a further preferred form of this invention, a receiving circuit comprises received signal inputting means for recay- 
ing a received signal from an antenna, a quadrature demodulator for carrying out a frequency converting process of the 
received signal from the received signal inputting means, first and second analog-tOKligital converters for accepting an 
output signal of the quadrature demodulator to convert its analog signal into a digital signal, a sampling dock generator 
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for generatirrg. to the first and second analog-to-dig Ital converters, a dock with a frequency higher than a frequency cor- 
responding to a bandwidth of the received signal, an adding circuit for adding a delayed pulse train to a pulse train from 
the sampling dock generator, means for providing the puJse train from the sampling dock generator and the delayed 
pulse train as an sampling pulse for the analog>to-digita1 converters, and means for extracting a quadrature component 

5 of a desired receiving channel signal from digital output data of the analog-tadigital converters, wherein one or more 
delayed pulse trains is generated so that the pulse train from the sampling dock generator and the delayed pulse train 
from the delayed pulse train adding drcuit take a delayed time other than a phase difference corresponding to n of a 
frequency of the desired channel signal. 

In accordance with this invention, in a receiving circuit, the pulse train is generated from the sampling clock gener- 

10 ator and the delayed pulse train taking a phase difference time corresponding to n/2 relative to a frequency of the 
desired channel signal is generated from the delayed pulse train adding circuit. 

tn a further preferred form of this invention, a receiving drcuit comprises received signal inputting means for receiv- 
ing a received signal from an antenna, first and second analog-to-digital converters for accepting the received signal to 
convert the received signal into a digital signal, a sanpling dock generator for generating, to the first and second ana- 

IS log-to-cDgital converters, a clock with a frequency higher than a frequency corresponding to a bandwidth of the received 
signal, an adding circuit for adding a delayed pulse train to a pulse train from the sampling dock generator, means for 
providing the pulse train from the sampling clock generator and the delayed pulse train as an sampling pulse for the 
analog-to-digital converters, and means for extracting a desired receiving channel signal from digital output data of the 
analog-to-digital converters. 

20 Furthermore, in accordance with this invention, in a receiving circuit, in addition to the pulse train from the sampling 
clock generator, the delayed pulse train taking a phase difference time corresponding to ii/2 with respect to a frequency 
of the desired channel signal is generated from the delayed pulse train adding drcuit 

Moreover, in accordance with this invention, in a receiving drcuit in addition to the pulse train from the sarrpling 
ck)ck generator, a plurality of delayed pulse trains taking a phase difference time corresponding to nJZ in relation to a 

25 f requerK;y of the desired channel signal are generated from the delayed pulse train adding drcuit. ^ 
In a further preferred form of this invention, a receiving circuit comprises received signal inputting means for receiv- 
ing a received signal from an antenna, an analog-to-digital converter for accepting the received signal to convert the 
received signal into a digital signal, a sampling clock generator for generating, to the cUialog-to-digttal converter, a clock 
with a frequency higher than a frequency corresponding to a bandwidth of the received signal, an adding drcuit for add- 

30 ing a delayed pulse train to a pulse train from the sanrpling clock generator, means for providing the pulse frain from the 
ssunpling clock generator and the delayed pulse frain as an sampling pulse for the analog-to-digital converter, and 
means for extracting a desired receiving channel signal from digital output data of the analog-to-digital converter. 

In a still further preferred form of this invention, a receiving drcuit comprises received signal irputting means for 
accepting received signals from a plurality of antennas, first and second frequency converting means for accepting the 

35 received signals, a local osdilator for supplying, to the first and second frequency converting means, an output at a fre- 
quency produced by providing a frequency offset of 1/2 of a channel spacing frequency to a desired carrier frequency, 
first and second analog-to-digital converters for accepting signals from the first and second frequency converting 
means, a sampling clock generator for generating, to the analog-to-digital corr^erters. a clock with a frequency higher 
than a frequency corresponding to a bandwidth of the received signal, an adding drcuit for adding a delayed pulse frain 

40 to a pulse train from the sampling clock generator, means for providing the.pulse train from the samplirig dock generator 
and the delayed puise frain as an samplingpufse for the analog-to<tigital converters, and means for extracting a desired 
receiving channel signal from digital output data of the analog-to-digital converters. 

In accordance with this invention, in a receiving drcuit. the local osdilator for providing the output to the first and 
second frequency converting means is provided indeperxientiy so that local osdllation frequences are frequences pro- 

45 duced by provkling positive and negative frequency offsets of 1/2 of a channel spacing frequency with respect to the 
desired carrier frequency. 

Furthermore, in accordance with this invention, in a receiving drcuit the two received signals are supplied to the 
first and second analog-to-digital converters without being frequency-converted. 

50 BRIEF DESCRIPTION OF TH E DRAWINGS 

The object and features of the present invention will become more readily apparent from the following detailed 
description of the preferred embodiments taken in conjunction with the accompanying drawings in which: 

55 Rg. 1 is a block diagram showing an arrangement of a receiving drcuit according to a first embodiment of this 
invention; 

Fig. 2 is a block diagram showing an arrangement of a receiving drcuit according to a second embodiment of this 
invention; 
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Fig. 3 is a block diagram showing an arrangement of a receiving circuit according to a third embodiment of this 
7^Ta week diagram showing an arrangement of a receiving circuit according to a fburth embodiment of this 
r!^^ 5 "^a block diagram showing an an-angement of a receiving circuit according to a fifth embodiment of this 
6 S'L block diagram showing an arrangement of a receiving circuit according to a sixth embodiment of this 
'^7te"a block diagram showing an arrangement of a receiving circuit according to a seventh embodiment of this 
'S^J^a block diagram showing an arrangement of a receiving circuit according to an eighth embodiment of this 
Fr?is"a block diagram showing an arrangement of a receiving drcuH according to a ninth embodiment of this 
Si^ToTs a btock diagram showing an arrangement of a receiving drcuH acconling to a tenth embodiment of this 
Srn°te a block diagram showing an arrangement of a receiving circuit according to an eleventh embodiment of 
JS'J^ira^Udiagram showing an arranoement ofareceivina Circuit acw^^ 

S;*T3°te a block diagram showing an arrangement of a receiving circu« according to a thirteenth embodiment of 

U^a"^^ diagram showing an armngemert of a receiving drcutt according to 
this Invention; 

Fig. 1 5 is an illustration ol a concept of a transformer in the fourteenth embodiineirt. .-hodi-,-! of this 

Fig. i6isablockdiagramshowinganarrangemertofareceivingdrcuitaccordingtoafifleenthembodimentofthis 

T7°fe a block diagram showing a concrete anangement of a receiving circuit accorting to the fifteenth embod- 

Rrlsls^^liSlSSBm Showing an anangement of a receiving circuit according to a sixteenth embodiment of 

SJ. '5^ira°biock diagram showing an arrangement of a receiving circuit according to a seventeenth embodiment 

^9*20 i^Srammatic view useful for describing a local frequency setting method in embodiments of this inven- 

F?g"'2l is a block diagram showing an arrangement of a receiving circuit according to an eighteenth embodiment 

Rg^i^trtiS diagram showing an arrangement of a receiving circuit according to a nineteenth embodiment of 

Rg. S^^Sock diagram showing an arrangement of a receiving circuit according to a twentieth embodiment of 

Sa^^'^Udiagram Showing an arrangemertofareceivingdrcu^^ 

Rg M?a°^ncept illustration of a transformer in a twenty second embodiment of this ;|^enlion; 
Fig. 26 is an Illustration for explaining a state of an alias generated as a resuft of sampling by an /VD converter in 
the twenW second embodiment of this invention; . ... . 
Rg. 27Van illustration of a state of a receiving channel in a multichannel communicatK,n ^V^^ 
Rg. 28 is an Illustration of an A/D converted output wHh a negative frequency region appearing in the twenty sec- 
ond embodiment of this Invention; ^^-nte «n the ha<ds of a 

Rg. 29 is an illustration of a method of dividing a signal component into quadrature '^'^^°2T^^°!^, 
co^ne function and a sin function by utilizing a n/2 phase difference in the twenty second embodiment of this inven- 

Rg"'30 is an illustration of one example of a quadrature sampling operation in the case of A/D conversion of two 
orthogonal signals in the twenty second embodiment of this invention; 

Rg. 31 is an illustration available for describing quadrature sampling taWng offsets «>"sf^°"- 
Rg. 32 is an illustration of an example of a quadrature sampling operation dfterentfrom tt«®e f J^s^SO^ 
in the case of the A/D conversion of two orthogonal signals in the twenty second embodiment of '"vertoon^ 
Rg. 33 « an illustration of sampling pulses obtainable in performing the quadrature sampling operation shown in 
Fig. 32 in the twenty second embodiment of this invention; 
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Fig. 34 is a block diagram showing an arrangement of a receiving circuit according to a twenty third embodiment of 

this invention; 

Rg. 35 is an illustration of a quadrature sampling operation in the case of A/D conversion of two orthogonal signals 
in the twenty third emkxxiiment of this invention: 
5 Rg. 36 is a block diagram showing an arrangement of a recaving circuit according to a twenty fourth embodiment 
of this invention: 

Rg. 37 is an illustration of a quadrature sampling operation in the case of A/D conversion of two orthogonal signals 
in the twenty fourth embodiment of this invention: 

Fig. 38 is a block diagram showing an arrangement of a receiving circuit according to a twenty fifth entbodiment of 
10 this invention; 

Fig. 39 is a simplified block diagram for describing one operation of a sampling signal generating source portion in 
the twenty fifth emtxxiiment of this invention; 

Fig. 40 is a simplified block diagram for descrit>ing another operation of a sampling signal generating source portion 
in the twenty fifth embodiment of this invention; 
IS Rg. 41 is a simplified block diagram for describing a further operation of a sampling signal generating source por- 
tion in the twenty fifth emtxxJiment of this invention; 

Rg. 42 is a schematic illustration of the frequency disposition for the Japanese standard digital type automobile tel- 
ephone system used for description of a twenty sixth emkxxliment of this invention: 

Rg. 43 is a schematic illustration of the channel disposition for the Japanese standard digital type automobile tele- 
20 phone system in Rg. 42; 

Rg. 44 is a block diagram showing an anrangement of a receiving circuit according to a twenty sixth enrtecfiment 
of this invention: 

Rg. 45 ts a block diagram showing an arrangement of a receiving circuit according to a twenty seventh enrtbocfiment 
of this invention; 

2S Rg. 46 is a block diagram showing an an-angement of a receiving circuit according to a twenty eighth embodiment 
of this invention; 

Fig. 47 is a block diagram showing an arrangement of a receiving circuit according to a twenty ninth embodiment 
of this invention; and 

Rg. 48 is a block diagram showing an arrangement of a receiving circuit according to a thirtieth embodiment of this 
30 invention. 

MOST PREFERRED EMBODIMEMTS OF THE INVENTION 

Prior to explanation of preferred embodiments of the present invention, a description will be made hereinbelow of 
35 a logical ground supporting the present invention. First of all, the description starts with a binary PSK. i.e., BPSK, which 
has currently mostly been employed in digital modulation ways. A BPSK signal Sg on a base frequency, i.e.. baseband, 
is expressible as follows. 

Sg = Acos(ek) 

40 

where A represents an amplitude, and 6k designates a phase indicative of BPSK information, i.e.. 6k = 0. n. 

When this baseband signal is modulated with a carrier angular frequency the resulting modulated signal Sc is 
expressible as follows. 

45 11 

Sc = Sg ( ek) X a cos (DCt + Sg ( 6k- - n) x acos(a>ct - ^ n) A^ = a x A, 6k = 0. jc (1) 

s Aq cos ( coct + 6k) 



so When this modulated signal is received and frequency-converted with a local frequency coc for a frequency conver- 
sion, the frequency-converted output Sp can be given as follows. 

Sp sSq xbcoscoct (2) 

55 Ac • b Ac • b 

= — (cos{2a>ct + ek}-i-cos{ ek}] if using — = Ar 
s A p [ cos { 2ci>ct + ek } + cos { 6k } ] 
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10 



Further, this frequency-converted output Sr is passed through a low-pass filter in order to remove (reject) a high- 
frequency component 2a)C. the resultant output Srf becomes as follows, thus allowing the demodulation of the binary 
PSK, i.e.. BPSK. 

SRp = ARCOs{ek) ek = 0, 7c (3) 

However, since in the receiving frequency conversion the local oscillation frequency signal is set to equal to ttie 
carrier frequency, this local oscillation frequency signal radiates from the receiver Into the air and can interfere with 
other neaiby receivers. ^, ^. .„ ^ . ^ 

In this invention, the local oscillation frequency is set as follows to eliminate such a problem. Fig. 20 illustrates a 
method of setting the local oscillation frequency according to this invention, where character A indicates a band of a 
desired channel with its carrier frequency being o^. character B denotes a band of an upside adjacent (upper neighbor- 
ing) channel whose carrier frequency is tocu. and character C depicts a band of a downside adjacent (lower neighbor- 
ing) channel which has a carrier frequency of coCl- The spacing between the carrier frequences of the respective 
IS channels is approximately four times that of the base frequency ©b in the BPSK. 

The bands of the respective channels assume the carrier frequency ±2c^ Accordingly, the locations remote by an 
amount corresponding to the base frequency from the respective earner frequencies come to gorge positons 
between the channels. Even if interference waves with a line spectrum exist at these positions, all the channels are 
hardly subjected to interference. Taking notice of this point, as a main means to resolve the aforesaid problem, accord- 
ing to this invention the local oscillation frequency of the receiver is set to middle values with respect to the frequencies 
of the adjacent channels ^ ^ * 

Secondly a description will be taken hereinbelow In conjunction with equations in terms of another point of this 
invention which shows how to construct circuits (which will be mentioned later) so that the demodulation is possible as 
well as the prior art in the ease of setting the local oscillation frequency of the receiver as desaibed above. When a 
modulated signal is received and the local oscillation frequency for the frequency conversion in the receiver is set to <ac 
+ OK) as menttoned before, the frequency-converted output Sr becomes as follows. 



20 



25 



S R = Sc X b cos (<oc + coo) t 
Ar* • b 

! — ^ — cos { G>ct + ek } cos 
: Ar [cos {(2ci)C + oo) t + e»4 + cos (- coot + ek)] 



(4) 



= ^^-^ cos { G>ct + e k } cos ( CDC + coo) t if using = A r 



If this frequency-converted output Sr is passed through a low-pass filter to eliminate the high-frequency cornpo- 
nent 2cdc. the resultant output Spr is as follows, thus resulting in producing a binary PSK. i.e., BPSK signal, which is 
offset by only the frequency coo. 

SRF = AR{cos(-©ot + ek)} ek = 0,ti (5) 

Subsequently, the local oscillation frequency is set to coc - <do lower by <bo than the carrier frequency ©c of a desired 
channel. In this instance, the frequency-converted output Sl becomes as follows. 

Sl = Sc ^<bcos(coc-cDO)t 

= ^.2_l^cos{fi)Ct + ek}cos(a)C-fflo)t Husing-^g — =Ar 



40 



45 



50 



=s A R [ cos { 2coc - COO + ek } + cos { coot + ek } ] 



If this frequency-converted output Sl is passed tiirough a tow-pass filer to remove the high-frequency component 
2coc. the resultant output Slf becomes as follow, thus producing a BPSK signal which is also equal in phase to the out- 
55 put Slf 

Slp = Ar cos (coot + ei^ ek = 0,7i (7) 
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Since the reception local oscillation frequency is also an equal distance from the adjacent channels, the conrpo- 
nents of the adjacent channels are also introduced into a signal being demodulated. When the carrier frequency is 
taken as oobh* the signal of the upside adjacent channel assumes = cdc 4- a>o . and hence the aforesaid reception 
side frequency conversion is performed as follows, tf the modulated signal is received and the local oscillation fre- 
5 quency for the frequency conversion In the receiver is set to <dc cdo as mentioned before, the frequency-converted out- 
put Sf^ is given as follcws. 

S Rj, = X b cos ((DC + oo) t (8) 

= [ cos { coct 2oi>ot + eh } cos (<DC -I- GOO) t ] if using = 

s Api, [ cos { (2<DC 3a)0 ) t eh } + cos { <DOt + eh } ] 



20 



2S 



30 



If this frequency-converted output Sp^ is passed through a low-pass filter to eliminate the high-frequency compo- 
nent 20)0. the resultant output Spph is given as follows, thus producing a BPSK signal present in the same band as the 
desired channel. 

^RFh- ARhC^(<i^ot'*'dl^) eh = 0. n (9) 

On the other hand, when the carrier frequency is expressed by coci. the signal of the downside adjacent channel 
represents g>c ^ = coc - 2coo , and the aforesaid reception side frequency conversion is candied out as follows. If the local 
oscillation frequency of the receiver is set to <dc -i- cdo as noted before, the frequency-converted output Sr^ becomes as 
fbllows. 

S = S X b cos (coc + coo) t (10) 



2 



[ cos { { coc -2oo ) t + ei } COS ( ooc + coo ) t ] if using — = — = A 



R1 



: Ap^ [ COS ( 2coct - ooot + ei ) + cos ( -3coot -i- ei ) ] eh » 0, ic 



If this frequency-converted output Sr^ is passed through a low-pass filer to eliminate the high-frequency compo- 
35 nent 2ooc, the resultant output Sppi is given as follows, which generates a BPSK signal at a frequency separated by 3oio 
from the desired channel. 

Srfi *Ap^ [cos(3coot-ei)] (11) 

40 Furthermore, a verification will be made hereinbejow of a frequency conversion condition of an adjacent channel in 
the case that the local frequency is coc - coo. When the earner frequency is esxpressed by co^h* signal of the upside 
adjacent channel takes co^h = ^oc + 2ooo . and therefore, when the local oscillation frequency is coc - coo. the frequency 
conversion is made as follows. First, if the modulated signal is received and the local oscillation frequency for the fre- 
quency conversion In the receiver is set to coc - coo as rrated before, the frequency-converted output Sy, becomes as 

45 follows. 



Si^i^sSch ><bcos(coc-coo)t (12) 

Ach * b • b 
gQ [cos{cocl + 2cool + eh)cos(a)C-a>o)t] if using = ^Rh 



s A [ cos { ( 2coc -I- coo ) t eh } -I- COS { Scoot -I- eh } ] 



55 if this frequency-converted output Sq, is passed through a low-pass filter to remove the high-frequency component 
2coc. the resultant output S^fh becomes as follows. 

S|_pj, = Apj, [ cos { Scoot + eh)] eh = 0.11 (IS) 
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on the other hand, when the carrier frequency is expressed by a,ci. the signal <^ 
takes a> = 0.0 - 2<D0 . and therefore, the aforesaid reception side frequency conversion .s earned J^'-^*. 
?El^los^Ltionfr;quency of the receiver is set to <oc-a« as noted ^^^^ 

given as follows. 

5 

04) 

Sli * Sqi X b cos (<oc - coo ) t 



ci_L? [cos{(©c-2G)o)t+ei}cos(Q>c-a)o)t] ifusing ^ = Ari 

= Ali [cos{(2©c-3o>o)t + ei)} + cos(-ci>ot + ei)l eh = 0.n 
H this f reauency-converted output is passed through a low-pass filter to eliminate the ^ish-frequency co^^ 
IS the desired channel. 

SLPi»ARiCOs{©ot-ei) 

Rom the above description, in the case that the local frequency is shifted upward by coo. the output takes the fol- 
20 lowing three kinds. 

S Rp = A„ cos ( - fflot + ek) desired channel (16) 

Srp^ = Aph cos ( oot + eh ) upside channel 

25 

S = A Ri cos ( 3 oot - ei ) downside channel 

Going the the other way, when the local frequency is shifted downward by coo. the output takes the following three 
kinds. 

S LF « A R cos ( ©ot + ek ) desired channel 

35 S LFh = A Rh cos ( 3 cDOt + eh ) upside channel 

S LPi = A Ri cos ( (DOt - 91 ) downside channel 



10 



40 



45 lowing embodiments 
pircft Pmhodiment 



so 



55 



Rfl 1 is an illustration of an arrangement of a receiving circuit accoiding to a «'«t.f*<^'^"* fj*)*'™;**^ 
Fia 1 the ^n^Scuit is shown, as con^rising an antenna 1 for accepting a signal be.ng recen/ed, f.re^ 8^ se««l 
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forming a minute frequency conversion to supply an offset amount to the frequency offset arcuit 6. and a filter 8 for elim- 
inating an unnecessary frequency conrponent renraining in the output of the frequency offset circuit 6. 

Secondly, a description will be made hereinbelow of an operation of the receiving circuit according to this first 
enrribodiment. According to the above-mentioned equations, the received signal obtained through the antenna 1 is sup- 

5 plied to both the first and second frequency converting circuits 2. 3. while the local frequency signal generating circuit 
4 separately supplies two different frequencies, i.e.. the upside and downside frequencies equivalent to the central 
value between the channels, to the first and second frequency converting circuits 2, 3. which produces two output sig- 
nals in terms of each of the three signals: the desired channel signal, the upside channel signal and the downside chan- 
nel signal. According to the equation developments, the signal component present in common in the first and second 

10 frequency converting circuits 2, 3 is only the desired channel signal. When it is fed to the common wave extracting cir- 
cuit 5 for extracting a balanced conrponent. the balanced conponent mainly conprising the desired wave is obtainable. 
Since in the output of the common wave extracting circuit 5 a frequency offset of coo remains, a minute frequency con- 
version is conducted in the offset frequency generating circuit 7 and the offset amount is removed in the frequency off- 
set circuit 6. In addition, the unnecessary frequency component generated in this process is removed in the filter 8. 

IS before the resultant signal is fed as a baseband signal to a baseband signal processing circuit (not shown). 

Second Ent)odiment 

Rg. 2 shows an arrangement of a receiving circuit according to a second embodiment of this invention. In Fig. 2. 

20 the receiving circuit is shown, as comprising an antenna 1 for accepting a signal being received, first and second fre- 
quency converting circuits 2. 3 for accepting the received signal, a local frequency signal generating circuit 4 for gener- 
ating middle frequencies between the radio cannier frequency of the received signal and the radio carrier frequencies of 
the adjacent upside and downside channels and for outputting the upside frequency of the upside and downside two 
wave frequencies as a conversion frequency input to the first frequency converting circuit 2 while outputting the down- 

25 side frequency as a conversion frequency input to the second frequency converting circuit 3, a first frequency offset cir- 
cuit 6A for removing a frequency offset contained in the output of the first frequency converting circuit 2. a second 
frequency offset circuit 6B fbr removing a frequency offset contained in the output of the second frequency converting 
circuit 3, an offset frequency generating circuit 7A for performing a minute frequency conversion to supply an offset 
amount to the respective frequency offset circuits 6A and 6B, a common wave extracting circuit 5A for extracting a com- 

30 ponent present in common in both the outputs of the first and second frequency offset circuits 6A. 6B. and a filter 8A fbr 
renfX)ving an unnecessary frequency component left in the output of the common wave extracting circuit 5A. 

Secondly, a description wilt be taken hereinbelow of an operation of the receiving circuit according to the second 
embodiment. In this emtxxliment the process for performing a frequency offset is interchanged with the common wave 
extracting process as compared with the aforementioned first embodiment. That is. the frequency offset process is car- 

35 ried out ahead, so that the desired channel signal directiy becomes a baseband signal whereby more stable extraction 
is expectable. 

A description will be made hereinbelow of the appropriateness of the preference of the frequency offset process. 
In the case of the frequency offset for the signal group in which the local frequency is shifted upward by coo. the shifting 
is made for eliminating only oo. thus resulting in the following three kinds of outputs. 

40 

^ RF - A R cos ( 2o>ot - ek) desired channel (18) 

S f^Fh = ^Rh ( ) upside channel 

45 

S pp^ s A cos ( 4<dOt - 81 ) downside channel 

On the otiier hand, in the case of the frequency offset for the signal group \n which tiie local frequency is shifted 
so downward by coo, the shifting is made for eliminating only €oo. thus resulting in the following three kinds of outputs. 

S = A p cos ( 2G>ot + 6k ) desired channel (19) 

55 ^ LFh = ^ Rh <^ ( -4- 6h ) upslde Channel 

^ LF1 - A Ri <^ ( ) dcwnskie channel 
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The common conponent of botti the groups is also present in only the desired channel. Accordingly, if both are fed 
as MK> inputs to an adder, a BPSK signal of only the desired channel can be derived from its output signal. 

-mifri Embodiment 

* Fio 3 illustrates an arrangement of a receiving circuit according to a third embodiment of this inventiori. In Fig. 3, 

included therein are an antenna 1 for accepting a signal being received, first and second frequency corn/erting circuits 
2 3 for accepting the received signal, a local frequency signal generating circuit 4 for generating middle frequenci^ 
between the radio carrier frequency of the received signal and the radio carrier frequencies of the adjacent upside and 
10 downsidechannelsandtoroutputBngtheupsidefrequency of the upsideanddownsidetvw,«ve^^^^ 

version frequency input to the first frequency converting circuit 2 while outputting the downside frequency as a conv^- 
sion frequency input to the second frequency converting drcuft 3. a first ban«*)ass filter 9A ^^^^J^;^^^ 
output of the first frequency converting circuit 2. a first NO converter 10A for oonvertng the output of ttie first bandpass 
finer 9A into a digrtal signal, a second bandpass f iHer 9B tor wavetorm^aping the output ofthe 
IS verting circuit 3. a second Art) converter 10B for converting the output of the second bandpass Mter 9B into a dig^l 
signal, a common wave extracting circuit SB for extracting a component present in common in both *eoiiJ)u1s of the 
firct and second A/D converters 10A and 10B. a frequency offset circuit 6C for remanng a frequency offset remaining 
in the output of the common wave extracting circuit SB. an offset frequency generating circuit 7B for performing a minute 
frequency conversion to supply the offset amount to the frequency offset circuit 6C. and a filter 8B for removing an 
20 unnecessary frequency conponent left in the output of the frequency offset circuit 6C. , ^ ^-^ 

Secondly a description win be made hereir*elow of an operation of the receiving arcuit according to the third 
entxxliment ^ this invention. According to this embodiment the outputs of the same two ""^f^r^^^ 
2 3 as in the aforementioned first embodiment are quantized wHh the Art) converters 10A. 10B respectively, ther^ 
providing processes equivalent to that of the first embodiment according to a digital calculation, that is. carryii^ oirt^e 
2s common wave extraction, frequency offset, and f iHering. TTie common wave extraction and filtering are possible wrth a 
digital f nter technique, whereas tiie frequency offset is possible with a digital quadrature modidation. . 

Furthermore, the principle of this embodiment will be described hereinbelow in terms of a quadratijre PSK. i.e.. 
QPSK or quadruplet QAM. The base frequency, i.e.. a QPSK signal Sb in the baseband, is expressible as follwre. 



30 *»B 



SB = Aoos(ek)+jAsin(Ok) (20) 



where j denotes an Imaginary unit indicative of an imaginary axis perpendicular to a real axis, A depicts an amplitude, 
and ek designates a phase representative of QPSK information: 



35 



ek=(± J.±|)" 



When this baseband signal is modulated with the carrier angular frequency the resultant modulated output Sc 
40 can be expressed as follows. 

So-SBxaCcosooct + jsiniDCt) (^""^ 
^ =Ac{cos(fl)Ct+ek)+jsin(a)Ct + ek)} Ac - a x >/2 A. ek =. ( ± ^, ± |) n 

= ^ [cos { o»cl+ ek} 1 + ^ [j sin ( aict+ ek)] 



50 Generally, a real axis component is called an l-axis signal and an imaginary axis component is callal a Q-axis sig- 
nal. If this modulated signal is received and quadrature-demodulated with the frequency conversion local frequency o*. 
the quadrature-demodulated l-axis output Sir is given as follows. 

55 SiR=Sc^'' cos 

= ^i-l^[cos{a>ct + ek}cos<i)Ctl ifusing-2^ — = Af, 
2x2 ^ 

= A p [ cos { 2 (oct ■•- ek } + cos { ek } ] 
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tf this quadrature-demodulated l-axis output is passed through a low-pass fifter to remove the high-frequency 
component 2a)C. the resultant output S|rp becomes as follows, thus allowing the denxxiulation of the l-axis signal of the 
quadrature PSK. i.e., QPSK. 

S,RF = ARCOs(ek) ek = (± l.±|)ii (23) 



However, as well as the akx>ve description, in this instance, since the local oscillation frequency on the quadrature 
10 demodulation is equal to the carrier frequency coc. this local oscillation frequency signal radiates from the receiver into 
the air. which can interfere with other nearby receivers. For this reason, when the local oscillation frequency of the 
receiver is set to coc -i- coo as noted before, the l-axis output Sir on the quadrature demodulation becomes as follows. 

15 S iR s S Q X b cos ( (DC + Gt>0 ) t (24) 

Ac • b Ac • b 

a — — [ COS { a>ct + Ok } cos ( a>c + oo ) t ] if using — o A r 

= Ar [ cos { ( 2ci>c •i-G>o)t-i-ek}-i- cos ( coot -I- 6k ) ] 



20 



25 



30 



35 



If this quadrature-deoKXiulated l-axis output Sir is passed through a low-pass filter to remove the high-frequency 
conponent 2<dc, the resultant output S|rf becomes as follows, thus providing an l-axis output of the quadrature PSK, 
i.e., QPSK. >• 

S|RF = A„[COS(<DOt+ek)] (25) 

Subsequentiy. the local osdiiation frequency is set to coc - ooo lower by coo than the carrier frequency off the desired 
channel. In this case, the frequency-converted output S^ becomes as follows. 



S||_ s Sc X boos( a>c - a>o)t (26) 

Ac • b Ac • b 

= — =2 — [cos(<DCt-i-ek)cos(a>c-<DO)t] if using — = Ar 

= A p [ COS ( 2a>c ' <oot + ek } -I- oos { - coot + 6k } ] 



If this quadrature-demodulated l-axis output S^^ is passed through a low-pass filter to remove the high-frequency 
40 component 2ajc, the resultant output Silr is given as follows. 

S|LF=AR0OS{-<DOt + 6k} k=:(±l,±|)ii (27) 

45 

If the quadrature-demodulated l-axis output S|Rh is passed through a tow-pass filter to remove the high-frequency 
component 2cac, the output SiRPh is obtainable. 

The signal, demodulated, of adjacent channels being an equal distance from the reception local oscillation fre- 
quency is as follows. That is. when the can-ier frequency is taken as o^h* the upside adjacent channel signal takes 
50 a>ch - <ji>c + 2O0 . and hence, if the local oscillation frequency is coc -i- coo. the quadrature-demodulated l-axis output 
S|Rh becomes as follows. 



•iRh 



c Sq,, X b cos ( coc 4- coo ) t (28) 



55 Ach • b Ach • b 

= [ cos { coct 2 coot + eh } cos ( coc + coo ) t ] if using — 

S ,R^ » A [ cos { ( 2coc -I- 3a>o ) t + 6h } -i- cos { coot + Oh } ] 
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If tWs quadrature-demodulated l-axis output S,Rh is passed through a low-pass fitter to remove the high-frequency 
component 2a)C. the resultant output S,RFh becomes as follows, thus producing a quadrature PSK. i.e.. QPSK signal, 
present in the same band as that of the desired channel. 

S,RFh=Anh[cx>s(a>ot + eh)] Oh = {± J.±|)7e (29) 



Going the other way. when the carrier frequency is given by ©d . the downside adjacent channel signal represents 
2a)0 . Accordingly, when the local oscillation frequency is set to <dc + oo as noted before, the reception side 



10 a>Q^ s 6>c 

quadrature-demodulated l-axis output Siri becomes as follows. 

S ,Ri = S CI X b cos ( fioc -I- CDO ) t 

75 =^2^1-^[cos{(<DC-2a>o)t + ei}cos(a)C + i»o)tl if using -^^ = Af 

= A [ cos ( 2<DCt - fflot + ei ) + cos ( - cftot + ei ) ] 



(30) 



^ K this quadrature-demodulated l-axis output S,ri is passed through a low-pass fitter to remove the high-frequency 
component 2<dc. the resultant output S,rfi is given as follows, thus producing a quadrature PSK. i.e.. QPSK signal, at 
the same frequency as that of the desired channel. 

^ S,RFn=ARi[cos(-a)Ot + ei)] ei = (± J.±|)« (31) 

Subsequently, when the local oscillation frequency of the receiver is set to ©c + coo as noted before and its phase is 
30 delayed by n/2, the quadrature-demodulated Q-axis output Sqr Is obtainable as follows. 



S QR = S c X b sin ( CDC + ©o ) t 

=^.^^[cos(a>ct + ek)sin{©c+©o)t] ifusing- 
= A R [ sin { ( 2©c + ©o ) t + ek } + sin { -©ot + 6 k ) ] 



(32) 



40 If this quadrature-demodulated Q-axis output Sqr is passed through a low-pass fitter to remove the high-f raiuency 
component 2©c. the resultant output Sqrf is given as follows, whereby the Q-axIs output of the quadrature PSK. i.a. 
QPSK is obtainable. 

Sqrf = Ar sin ( -©ot + ek) (33) 

45 

Let rt be assumed that, in the ease that the local oscillation frequency is set to ©c - ©o lower by ©o than the carrier 
frequency of the desired channel, the phase is delayed by In this instance, the quadrature-demodulated Q-axis out- 
put Sql becomes as follows. 



so 



55 



Sql = Sc X bsin ( ©c - ©o) t (^^) 

A^ • b * ^ A 

= — [ cos { ©ct + ek) sin ( ©c - ©o ) 1 1 if using — ^ — = Ar 

Sql = ARlsin{(2©c + ©o)t + ek} + sin{©ot+ek)l 
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tf this quadrature-demoduiated Q-axis output Sqi^ is passed through a low-pass fitter to remove the high-frequency 
conponent 2a)C. the resultant output Sqlf is given as follows, whereby the quadrature PSK signal Q-axis output differ- 
ent in polartty from Sqlp is obtainable. 

SQLF=ARSin(ci>ot + ek) ek = (±l.±|)Tc (35) 



Furthermore, the analysis of the adjacent channels will be made hereinbelow in terms of the quadrature-demodu- 
lated Q-axis output. When the carrier frequency is co^h' upside adjacent channel signal represents 
ci>ch ° <i>c + 2C0O . and therefore, in the case that the local oscillation frequency is set to <dc + <do. the quadrature- 
demodulated Q-axis output Sqrh of the upside channel becomes as follows. 

^QRh Sq^ X b Sin (coc -f cdo ) t (36) 

A * b A * b 

- ^ [ cos { (DCt 2G>ot -I- eh } sin ( CDC -I- CDC ) q ifusing— =Ap 



= Af,t, [ Sin { ( 2g>c 3CDO ) t + eh } -i- sin { G>ot + eh } ] 



If this quadrature-demodulated Q-axis output Soph is passed through a low-pass fitter to renrave the high-fre- 
quency component 2ssc, the resultant output So^Fh becomes as follows, which produces a quadrature PSK, i.e.. QPSK 
signal Q-axis output present in the same band as that of the desired channel. 

S QRFh = A [ sin ( coot + eh ) ] e h = ( ± J . ± I ) Tu (37) 



A similar process is effected for the downside adjacent channel. Since the carrier frequency ooci 
a>c^ s oc - 2cDO . the quadrature<iemodulated Q-axis output SoRt at the \oca\ oscillation frequency cdc + coo becomes 
as follows. 

Sqp^ = Sq^ X bsin ( cdc-i-cdo) t (38) 

Act • b Ar:i • b 
= [oos{(c»c-2cDO)t + ei}sin(cDC + cDO)t] if using = Ar, 

= Ap^ [ sin ( 2cj)Ct - coot + ei ) + sin ( - 3 coot + ei ) ] 



If this quadrature-demodulated Q-axis output Sqri is passed through a low-pass fitter to remove the high-fre- 
quency component 2oc, the resultant output Sqrfi is given as follows, thus producing a quadrature PSK, i.e.. QPSK, 
signal Q-axis output at a frequency separated by 3cdo from the desired channel. 

Sqrfi =Ari Sin ( - ScaOt + el ) ^\^(±\,±\)k (39) 



On the other hand, if the local oscillation frequency is set to a>c - coo. the quadrature-demodulated Q-axis output 
Sqr of the adjacent channel becomes as follows. That is, since the carrier frequency co^ h the upside adjacent chan- 
nel Signal is = g>c -f 2ci>o , the quadrature-demodulated Q-axis output SoRh at the local oscillation frequency coc - 
coo becomes as follows. 
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5 



Sqrh = Sch X b sin ( coc - ©o ) t 

= ^ [ cos { ©cl + 2coot + eh } sin ( ©c - <«)0 ) t ] if using = A 

SQRh = ARhlsin{{2cDC+ (DO)t + eh} + sin (3a)0t + eh)] 



(40) 



If this quadrature-demodulated Q-axis output SoRh is passed through a low-pass filter to remove the high-fre- 
quency corrponent 2oi)C, the resultant output SoRph is given as follows, thus producing a quadrature PSK. i.e.. QPSK, 
10 signal Q-axis output present in a band separated by 3<bo from the desired channel. 

SQRFh-AQRh[sin(3o>ot + eh)] eh = (± l.±|)7i (41) 

IS . • 

A similar process is inplemented in terms of the downside adjacent channel signal. The earner frequency o^ji is 
<Dci = oc - 2<DO . and the local oscillation frequency of the receiver Is cac - ©o. Thus, the quadrature-demodulated Q- 
axis oulput SoRt becomes as follows. 

^ Sqri =Sci xbsln(a)C-©o)t 

' ''[cos{(©c-2fflO)t + ei}sin(o>c-©o)tl ifusing-^^ — 
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2 

= A Ri [ sin { ( 2©c - 3®o ) t + el } + Sin ( -©ot + el ) ] 



If this quadrature<lemodulated Q-axis output Sqri is passed through a low-pass filter to remove the high-fre- 
quency component 2©c. the resultant output Sqrfi is given as follows, thus producing a quadrature PSK. i.e.. QPSK. 
30 signal Q-axis output at the same frequency as that of the desired channel. 

Sqrfi =Ari [sin ( - ©ot + ei ) ] ei = (±i.±|)n (43) 

35 

In summary, the above description becomes as follows. 
I-Axis Quadrature-Demodulated Output 

Output at Upside Local Frequency 

40 

S|RF = Ar [ COS ( - ©ot + ek) ] desired channel 

S iRpj, = A [ cos ( ©Ot + eh ) 1 upside channel 

45 S,Rpi =Ar^ [cos(-3©ot+ei)l downside channel 

Output at Downside Local Frequency 

S I LF = A R I cos ( ©ot + ek ) ] desired channel (44) 

so 

S , LFh = A Rh I cos ( 3 ©ot + eh ) ] upside channel 

S,LFi = Ari [cos(-©ot + ei)I downside channel 

55 Q-Axis Quadrature-Demodulated Output 
Output at Upside Local Frequency 

Sqrf = Ar [ sin ( - ©ot + ek) ] desired channel 
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^QRFh = ^Rh [^i'^C c^**-^^)] upside Channel 

^QLFh = A Rh [ ( '3oot -I- 0h ) ] downside channel 

5 Output at Downside Local Frequency 

S = A p [ sin ( cDOt + ek ) ] desired channel (45) 

^QRFi = ^ Ri l^^i 3ii>a[ + 61 ) ] upside channel 

10 

^ QLF1 = A [ sin ( -oot + 61 ) ] downside channel 

It is found from the above equations that, as described before, in the l-axis side the desired channel is contained in 
common in the outputs of the two quadrature-demodulating circuits, while in the Q-axis side the desired channel is con- 
15 tained in common and in antiphase in the outputs of the two quadrature-demodulating circuits. The third embodiment 
of this invention Is realized on the basis of this principle. 

Fourth Embodiment 

20 Rg. 4 shows an arrangement of a receiving circuit according to a fourth entixxJiment of this invention. In Rg. 4. 
ifKluded therein are an antenna 1 for accepting a signal being received, first and secorxj frequency converting circuits 
2, 3 for accepting the received signal, a local frequency signal generating circuit 4 for generating middle frequencies 
between the radio canier frequency of the received signal and the radio canier frequencies of the adjacent upside and 
downside channels and for outputting the upside frequency of the upside and downside two wave frequencies as a con- 

2S version frequency input to the first frequency converting circuit 2 while outputting the downside frequency as a conver- 
sion frequency input to the second frequency converting drcuit 3. a first bandpass filter 9A for waveform-shaping the 
output of tiie first frequency converting drcuit 2, a first A/D converter 10A for converting the output of the first bandpass 
filter 9A into a digital signal, a second bandpass fitter 9B for waveform-shaping the output of the secorKi frequency con- 
verting drcuit 3. a second A/D converter 10B for converting the output of the second bandpass fitter 9B into a digital 

30 signal, a first frequency offset circuit 6D for removing a frequency offset contained in the output of the first A/D converter 
1 0A, a second frequency offset drcuit 6E for removing a frequency offset contained in the output of the second A/D con- 
verter 108. an offset frequency generating drcuit 7C for performing a ndnute frequency conversion to supply the offset 
amount to tiie respective frequency offset drcuits 6D and 6E. a comnfwn wave extracting drcuit 5C for extracting a com- 
ponent present in common in kxrth the outputs of the first and second frequency offset circuits 6D and 6E. and a filter 

35 8C for removing an unnecessary frequency component left in the output of the common wave extracting circuit 5C. 

Secondly, a description will be made hereinbelow of an operation of the receiving drcuit according to the fourth 
embodiment of this invention. In tiiis emixxliment. the process of performing a frequency offset is interchanged with the 
common wave exfracttng process as compared with the aforementioned third errtxxliment. The preceding execution of 
the frequency offset process allows the desired channel signal to directly constitute the base signal and permits a more 

40 stable extraction to be expec^le. In addition, digjtalization allows the quadrature-denxxfulating function witii a high 
accuracy, provides the suitability for integration, and causes the reduction of the power consumption. 

Rfth Emlffljimgnt 

45 Fig. 5 is an illustration of an arrangement of a receiving circuit according to a fifth emtxxJiment of this invention. In 
Fig. 5. there are shown an antenna 1 for accepting a signal being received, first and second quadrature demodulating 
circuits 1 1 and 12 for receiving the received signal, a local frequency signal generating drcuit 4 for generating middle 
frequencies between the radio carrier frequency of the received signal and the radio carrier frequencies of the adjacent 
upside and downside channels and for outputting the upside frequency of the upside and downside two wave frequen- 

50 cies as a conversion frequency input to the first quadrature denuxf ulating drcuit 1 1 while outputting the downside fre- 
quency as a conversion frequency input to the second quadrature demodulating circuit 12, a first common wave 
extracting circuit 5D for extracting a component present in common in both the I outputs of the first and second quad- 
rature demodulating drcuits 1 1 and 12, a second common wave exti^acting circuit 5E for extracting a component present 
in common in both tiie Q output of the first quadratore demodulating circuit 1 1 and the Q output of the second quadra- 

55 ture demodulating circuit 12 reversed in polarity, a first frequency offset circuit 6F for removing a frequency offset 
remaining in the I side output extracted through the first common wave extracting circuit 5D. a secorxl frequency offset 
circuit 6G for removing a frequency offset remaining in the Q side output extracted through the second common wave 
extracting circuit 5E. an offset frequency generating drcuit 7D for performing a minute frequency conversion to supply 
the offset amount to the respective frequency offset drcuits 6F and 6G. a first filter 8D for removing em unnecessary 
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frequency component remaining in the output of the first frequency offset circuit 6F. and a second filter 8E for removing 
an unnecessary frequency component remaining in the output of the second frequency offset circuit 6G. 

Secondly, a description will be made hereinbelow of an operation of the receiving circuit according to the fifth 
errtxxdiment. In this embodiment, the concept of this invention is applied to a quaternary PSK, i.e.. QPSK. of the digital 
modulation. According to the above description referring to the aforementioned equations, the received signal obtained 
from the antenna 1 is supplied to the first and second quadrature demodulating circuits 1 1 and 12. while the local fre- 
quency signal generating circuit 4A separately supplies two different frequencies, that is. the upside and downside fre- 
quencies conparaWe with the central value between the channels, to the first and second quadrature demodulating 
circuits 11 and 12, which produces four output signals in terms of each of three signals of the desired channel, the 
upside channel and the downside channel. According to the equation developments, the signal component present in 
common in both the first and second quadrature demodulating circuits 1 1 and 12 is only the desired channel signal, and 
the l-axis side is extraclable as a balanced component, whereas the Q-axis side is exlraclable as a differential compo- 
nent. Accordingly if the l-axis side balanced component Is fed to the common wave extracting circuit 5D and the Q-axis 
side differential component Is fed to the common wave extracting component 5E. the l-axis signal and Q-axis signal of 
the desired channel are obtainable. Since a frequency offset of coo remains in the outputs of the common wave extract- 
ing circuits 5D and 5E, a minute frequency conversion is made in the offset frequency generating circuit 7D so that the 
offset amount is removed in the frequency offset circuits 6F and 6G. In addition, the unnecessary frequency component 
generated in this process is removed in the filters 8D and 8E. before the signal is sipplied as a baseband signal to the 
baseband signal processing section. 

Sixth Ennbodiment 

Fig 6 is an illustration of an arrangement of a receiving circuit according to a sixth embodiment of this invention. In 
Fig 6 there are shown an antenna 1 for accepting a signal being received, f iret and second quadrature demodulating 
circuite 11 and 12 for receiving the received signal, a local frequency signal generating circuit 4A for generating middle 
frequencies between the radio carrier frequency of the received signal and the radio carrier frequencies of the adjacent 
upside and downside channels and for outputting the upside frequency of the upside and downside two wave frequen- 
cies as a conversion frequency input to the first quadrature demodulating circuit 1 1 while outputting the downside fre- 
quency as a conversion frequency input to the second quadrature demodulating circuit 12. first and second frequency 
offset circuits 6H and 61 for removing a frequency offset contained in common in the I output and Q output of the respec- 
tive quadrature demodulating circuits 11 and 12. an offset frequency generating drcurt 7E for carrying out a minute fre- 
quency conversion to supply the offset amount to the respective frequency offset circuits 6H and 61. a first common 
wave extracting circuit 5F for extracting a component present in common in both the I outputs of the first and second 
frequency offset circuits 6H and 61. a second common wave extracting circuit 5G for extracting a component present in 
common in both the Q output of the first frequency offset circuit 6H and the Q output of the second frequency offset 
circuit 61 reversed in polarity, and first and second filters 8F and 8G for removing unnecessary frequency components 
remaining in tiie outputs of tiie respective common wave extracting circuits 5F and 5G. 

Secondly a description will be made hereinbelow of an operation of tiie receiving circuit of tiie sixth embodiment. 
In this embodiment, the common viave extracting process is interchanged with the frequency offset process as com- 
pared with the aforementioned fifth embodiment. When the frequency offset process is executed precedently, the 
desired channel signal directiy becomes a base signal, which allows more stable extraction to be expectable. 

Seventh Embodiment 

Fig 7 shows an arrangement of a receiving circuit according to a seventh embodiment of this invention. In Fig. 7. 
there are shown an antenna 1 for accepting a signal being received, first and second quadrature demodulating circuits 
1 1 and 12 for receiving the received signal, a local frequency signal generating circuit 4 for generating middle frequen- 
cies between the radio earner frequency of the received signal and the radio earner frequencies of the adjacent upside 
and dowwiside channels and for outputting the upside frequency of the upside and downside two wave frequenaes as 
a conversion frequency input to the first quadrature demodulating circuit 1 1 while outputting the downside frequency as 
a converefon frequency input to the second quadrature demodulating circuit 12. first and second bandpass filters 9C 
and 9D for waveform-shaping the I output and Q output of the first quadrature demodulating circuit 1 1 , respectively first 
and second A/D converters IOC and 10D for converting tiie outputs of the first and second bandpass filter 9C and 9D 
into digital signals, respectively third and fourth band pass fiHers 9E and 9F for waveform-shaping the I output and Q 
output of the second quadrature demodulating circuit 12. respectively third and fourth M> converters 10E and 10F for 
converting the outputs of the third and fourth bandpass filters 9E and 9F into digital signals, respectively, a first common 
wave extracting circuit 5H for extracting a component present in common in the I outputs of the first and third A/D con- 
verters IOC and 10E. a second common wave extracting circuit 51 for extracting a corrponent present in common in the 
Q output of the second MD converter lOD and the Q output of the fourth A/D converter 10E reversed in polarity, a first 
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frequency offset circuit 6J for rerrxsving a frequency offset remaining in the I side output extracted through the first com- 
mon wave extracting circuit 5H. a secorxi frequency offset circuit 6K for removing a frequency offset remaining in the Q 
side output extracted tfirough the second common wave extracting circuit 51, an offset frequency generating circuit 7F 
for canning out a minute frequency conversion to supply the offset amount to the respective frequency offset circuits 6J 
5 and 6K, a first fitter 8H for removing an unnecessary frequency component left in the output of the first frequency offset 
circuit 6J. and a second f ilter 81 for removing an unnecessary frequency coniponent left in the output of the second fre- 
quency offset circuit 6K. 

Secondly, a description will be made hereinbelow of an operation of the receiving circuit according to this seventh 
enrbodiment. In this seventh embodiment, the outputs of the same two quadrature demodulating circuits 11. 12 as in 
10 the aforementioned fifth emtxxjiment are quantized wKh the A/D converters 1 0C to 1 0F so as to accomplish an opera- 
tion equivalent to that of the fifth emt)odiment by means of the digital calculation, that is. to perform the common wave 
extraction, the frequency offset and the filtering. The common wave extraction and the filtering are possible by the digital 
filter technique, while the frequency offset is possible by the digital quadrature modulation. 

15 EigWh EpnbodirnQnt 

Rg. 8 shows an anrangement of a receiving circuit according to an eighth embodiment of this invention. In Fig. 8. 
there are shown an antenna 1 for accepting a signal being received, first and second quadrature demodulating circuits 
1 1 and 12 for receiving the received signal, a local frequency signal generating circuit 4 for generating middle frequen- 
ce cies between the radio carrier frequency of the received signal and the radio canier frequencies of the adjacent upside 
and downsde channels and for outputting the upside frequency of the upside and downside two wave frequencies as 
a conversion frequency input to the first quadrature demodulating circuit 1 1 while outputting the downside frequency as 
a conversion frequency input to the second quadrature denxxiulating circuit 12. first and second bandpass filters 9C 
and 9D for waveform-shaping the I output arxi Q output of the first quadrature dennodutating circuit 1 1 . respectively, first : 
2S and second A/D converters 10C and 10D for converting the outputs of the first and second bandpass filter 9C and 9D 
into digital signals, respectively, tiiird and fourth band pass fitters 9E and 9F fbr waveform-shaping the I output and Q 
output of the second quadrature demodulating drcuit 12, respectively, third and fourth A/D converters 10E and 10F for 
converting the outputs of the third and fourth bandpass f flters 9E and 9F into digital signals, respectively, a frequency 
offset circuit 6L for removing frequency offsets remaining in the I outputs and Q outputs of the respective A/D converters 
30 1 0C to 1 0F. an offset frequency generating circuit 7G for performing a minute frequency conversion to supply the offset 
amount to the respective frequency offset drcuit 6L. a first common wave extracting circuit 5J for extracting a compo- 
nent present in common in the I outputs of the frequency offset circuit 6L, a second common wave extracting drcuit 5K 
fbr extincting a component present in comnxDn in the Q output and the polarity-reversed Q output of the frequency offset 
circuit 6L. a first filter 8J for renxavlng an unnecessary frequency component left in the I output extracted through the 
35 first common wave extracting circuit 5J. and a second filter 8K fbr removing an unnecessary frequency component left 
in the Q output of the second common wave extracting drcuit 5K. 

Secondly, a description will be made hereinbelow of an operation of the receiving circuit according to the eighth 
embodiment. In this emtxxJiment. the common wave extraction process is interchanged with the frequency offset proc- 
ess as compared with tiie aforementioned seventh embodiment. That is. the preceded frequency offset process permits 
40 the desired channel signal to directiy become a base signal, which makes more stable extraction expectable. In addi- 
tion, the digitalization allows the quadraUire-demodulating function with a high accuracy, provides the suitability for inte- 
gration, and causes the reduction of the power consumption. 

Ninth Embodiment 

45 

Fig. 9 is an iltusti'ation of an arrangement of a receiving drcuit according to a ninth embodiment of this invention. In 
this emtxxJiment, a correlator 13 for calculating a cross-correlation is used in place of the common wave extracting cir- 
cuit 5B in the third embodiment shown in Fig. 3. According to this embodiment, since the common wave extraction is 
effected by the digital fitter technique, although the use of the correlator 13 causes the inversion of the polarity of the 
50 correlation coefficient if the components contained in common are different in polarity from each otiier. the conelator 1 3 
can ensure its anplitude as it is. This feature of this embodiment is also applicable to the alx>ve<iescribed fourth, sev- 
enth and eighth emtxxjiments. 

Tenth Emtxxliment 

55 

Fig. 10 is an illustration of an arrangement of a receiving drcuit according to a tenth embodiment of this invention. 
In this embodiment, only tiie first frequency converting circuit 2 is provided for accepting the received signal from the 
antenna 1 , as compared with the first embodiment shown in Fig. 1 . After the frequency conversion by this first frequency 
converting circuit 2, a second frequency converting circuit 15. accepting a frequency corresponding to the inter-channel 
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frequency 2<oo from the local frequency signal generating circuit 4B. provides a frequency-converted output in the side 
where the frequency conversion is not made tjy the first frequency converting circuH 2. thus ensunng two frequency- 
converted outputs necessary for the desired channel extraction by a common wave eitlracting circuit 5L. 

Accordingly, in this emtx)diment, the outputs of the first and second frequency converting dreuits 2 and 15 agree 
with the two outputs of the f iret and second frequency converting circuits 2 and 3 in the first emlxxJiment. and hence me 
treatment of the carrier frequency is possible with only one high-frequency circurt set. wRh the result that not only We 
space necessary for the circuit but also the power consumption are reducible. The featire of this embodiment is also 
applicable to the second embodiment. 

FiwPftfh Embodiment 

Fig 1 1 is an illustration of an arrangement of a receiving circuit according to an eleventh embodiment of this inven- 
tion In this embodiment, as conpared writh the third embodiment shown in Fig. 3, the frequency converting cirojit tor 
accepting the received signal is effected with only the first frequency converting circuH 2 and further the quandzing 
means is constructed with only a bandpass filter 9C and an Art) converter 1 0C responsive to the output of the first fre- 
quency converting circuit 2. After the A/D conversion by the A/D converter IOC. a digital frequency converting circuit 16. 
accepting a frequency corresponding to the inter-channel frequency 2a)0 from a digital frequency generating circuit 17. 
cairies a digital frequency conversion, thus providing a frecpjency-converted output of the side where ttie frequoicy 
conversion is not made by the first frequency converting circuit 2 so as to obtain two frequency-converted digital outputs 
necessary tor the extraction of the desired channel by a common vrave extracting circuit 5M. 

Thus, according to this embodiment the output of the first frequency converting circuit 2 Am-converted through the 
MD converter IOC and the output of the digital frequency converting circurt 16 coincide with the two outputs of the first 
and second frequency converting circuits 2 and 3 in the abovennenttoned third embodiment, with the result that the 
treatment of the carrier frequency Is posaWe with only on a high-frequency circuit set. which makes it possible toreduoe 
the space necessary for the circuit as well as the power consumplton. The feature of this embodiment is also applicaue 
to the fourth embodiment 

Twalfth embodiment 

Fig 12 is an illuslratton of an arrangement of a receiving circuit according to a twelfth embodiment of this invention. 
A feature of this embodiment is that as compared with the f Hlh embodiment shown in Fig. 5 the quadrature demodulat- 
ing means for accepting the received signal is constructed with only one quadrature demodulating circuit 1 1 the two 
outputs of the quadrature demodulating circuit 1 1 are frequency-converted in a frequency converting circuit 1 5A which 
accepts a frequency corresponding to the inter-channel frequency 2eB0 from a local frequency signal generating araiit 
4B whereby the frequency-converted output of the side which is not quadrature-demodulated is obtainable to obtain 
two quadrature-demodulated outputs necessary for the extraction of the desired channel by first and second common 
wave extracting circuits 5N and 5P. .... 

Thus according to this embodiment, the outputs of the quadrature demodulating circurt 1 1 and the frequency con- 
verting dreuH 15A coincide with ttie two quadrature-demodulated outputs of the f rst and second quadrature demodu- 
lating circuits 1 1 and 12 in the fifth embodiment, with the result that the treatnent of the carrier frequency is possible 
with only on a high-frequency circuit set. which makes it possible to reduce the space necessary for the arcurt as well 
as the power consumption. The feature of this embodiment is also applicable to tiie sixth embodiment 

Thirteenth Embodiment 

Fig 1 3 is an illustration of an an^angement of a receiving circuit according to a thirteenth embodiment of this inven- 
tion A feature of this errtxxllment is that as compared vinth the seventh embodiment shown in Fig. 7 the quadrrture 
demodulating means for accepting ttie received signal is constructed witti only one quadrature demodulating wcurt 1 1 
and the quantizing means is constructed witti one bandpass fillers 9D. 9E and one Art) converters lOD. lOE. After the 
Art) conversion by the Art) converters 10D and 10E. a digital conversion is made in a digital frequency conversing circuit 
16A wftich accepts a frequency con-espondlng to the inter-channel frequency 2<bo from a digital frequency generating 
circuit 17A whereby a frequency-converted output of the side where the quadrature modulation is not effected in the 
quadrature demodulating circuit 11 is obtainable to ensure two quadratursKlemodulated cutouts necessary for ttie 
extraction of the desired channel by first and second common wave extracting circuits 5Q and 5R. ^ 

Thus according to this embodiment the outputs of the quadrature demodulating circuit 11 AflD-converted by the 
A/D converters 1 CD and lOE and the output of the digital frequency converting circuit 16A agree witti the two oulputs 
of ttie first and second quadrature demodulating circuits 11 and 12 Inflie severth embodiment, with the result ttialttie 
treattnent of ttie carrier frequency Is possible with only on a high-frequency circuit set. whtah makes it possible to reduce 
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the space necessary for the tircuit as well as the power consumption. TTie feature of this embodiment is also applicable 
to the eighth embodiment. 

Fourteenth Embodiment 

5 

Rg. 14 is an illustration of an arrangement of a receiving circuit according to a fourteenth embocfiment of this inven- 
tion. This embodiment relates to an improvement of the common wave extracting circuit as enployed in the above- 
described first enr^bodiment. In Fig. 14. as well as the first embodiment, the receiving circuit includes an antenna 1. a 
first frequency converting circuit 2. a second frequency converting circuit 3. a local frequency signal generating circuit 

10 4, a common wave extracting circuit 5. and a filter 8. Further included tiierein are a received signal input section 20. an 
input line 21 through which the output of the first frequency converting circuit 2 passes, an input line 22 through which 
the output of the second frequency converting drcuit 3 passes* integrating circuits 23 and 24 also serving as low-pass 
filters for accepting the outputs of the first and second frequency converting circuits 2 and 3 through the input lines 21 
and 22, respectively, first and secorxi buffer amplifiers 25 and 26 for accepting the outputs of the integrating circuits 23 

IS arKi 24, respectively, and first and second transformers 27 and 28 having primary coils wtiose one ends receive the out- 
puts of the first and second buffer amplifiers 25 and 26. The other ends of tiie primary coils of the first and second trans- 
formers 27, 28 are alternating-grounded, and their secondary coils are coupled in parallel to each other in a state with 
the same polarity. A junction 29 between one ends of the secondary coils equal in polarity to the primary coil is used for 
its output, while the other erxis are grounded. Further, included therein are a third buffer amplifier 30 whose input ter- 

20 minal is connected to the junction 29. The output 31 of the third buffer amplifier 30 is supplied as the output of the com- 
mon wave extracting circuit 5 to a next-stage frequency offset circuit 6. 

Secondly, a description will be made hereinbelow of an operation of the common wave extracting circuit 5 in ttie 
fourteenth emtxxliment. A common wave eo of a desired wave signal component and an adjacent cfiannel wave signal 
component ey are obtainable from the first and second frequency converting circuits 2 and 3. As to the adjacent chan- ~ 

2S nel wave signal component, the component otstainable from the first frequency converting drcuit 2 arxJ the component 
ot>tainable from the second frequency converting circuit 3 are different in central frequency from each other, and hence 
the component obtainable from the first frequency converting circuit 2 will be expressed by eyi, while the component 
obtainable from the second frequency converting drcuit 3 will be expressed by eu2* "^^t is, the signal from the first fre- 
quency converting drcuit 2 assumes eo + Oui* whereas the signal from the second frequency converting drcuit 3 takes 

30 eQ + e)j2- There is a possibility that, in addition to these signals, unnecessary high-frequency components are con- 
tained in the outputs of tiie first and second frequency converting circuits 2 and 3. These high-frequency components 
are lessened by means of the integrating drcuits 23 and 24 also serving as low-pass fitters. 

The signal eo -i- from the first frequency converting circuit 2 and the signal ep -i- eu2 from the second frequency 
converting circuit 3, which are respectively passed through the integrating drcuits 23 and 24, are fed to the correspond- 

3S ing buffer amplifiers 25 and 26. respectively. Each of the buffer amplifiers 25 and 26 has an output impedance set to a 
tow value. After being passed through the buffer amplifiers 25 and 26. the signal eo -i- eui from the first frequency con- 
verting circuit 2 and the signal eo + egg from the second frequency converting circuit 3 are fed to the primary coils of 
the transformers 27 and 28. respectively. The ratio of the number of winding turns of the secondary coil to the number 
of winding turns of the primary coil of each of the transformers 27. 28 is 1 , with the result that the signal eQ -4- e^i from 

40 the first frequency converting circuit 2 and the signal ep -i- eu2 from the second frequency converting circuit 3 Gorre- 
spondingiy take place in the secondary coils of the transformers 27, 28. 

In this instance, the secondary coils of the transformers 27. 28 are arranged such that their terminals are coupled 
in parallel In a state that tiieir polarities are coincident witii those of the primary coils. Accordingly, a signal correspond- 
ing to tiie common component, i.e., the desired wave signal component ep. of the signal eo -i- from the first fre- 

45 quency converting drcuit 2 and the signal eQ + e(j2 from the secorKl frequency converting circuit 3 which are generated 
in the secondary coils is obtainable at the terminal with no troutsles such as the colltsion of the outputs of tiie secondary 
coils. 

On the other hand, since the component eyt from the first frequency converting circuit 2 which arises in the sec- 
ondary coil of ttie transformer 27 and the conponent eu2 from the second frequency converting circuit 3 which arises 

so in the secondary coil of the transformer 28 are different in frequency from each other, the components are mutually 
introduced into tine mating secondary coils. At this time, the input impedances of the transformers viewed from the sec- 
ondary coil sides becomes equal to the output impedances of the signal sources coupled to the primary coils, mean- 
while, because the output impedances of tiie buffer amplifiers 25. 26 being the signal sources are set to very low values 
as noted before, the components other than the common component, i.e.. the component eyi from the first frequency 

55 converting circuit 2 which arises in the secondary coil of the transformer 27 and tiie component eu2 from the second 
frequency converting drcuit 3 which arises in the secondary coil of the transformer 28. are reduced due to the low 
impedances. 

In general, the buffer amplifier can be realized with an emitter-follower constructed using transistors. In the case of 
using this device, the output impedance of the buffer amplifier leased on the wiring shown in Fig. 14 Is befow several 
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ohms. This principle will bedescribedwHh reference to Rg. 15. In Rg. 15. a transformer conpnses two co.lsL^^ 

and the coil L, is used asaprimary coil, while the coilkis used asasecondarycoil. The vote^^ 

Respective coil terminals are set as follows. Let it l,e assumed that the primary current .s ^Ken «o be I, . t^e s«:or^ry 

c^ent is taken to be fe. the voltage developed between the terminals of the primary coil M is taken as V,. the voltage 

Se^^opi between the terminals of the secondary coil and the mutual ^'^^^^ P""]"^ 

the senary coil 1^ is taken as M. In this case, if a toad 2 is coupled to the secondary coil L^. the input impedance 

an viewed from the terminal of the primary coil L, is given by the following equation. 



7i„ (a>M)' (46) 



,0 ^"=T7="""'"i<oL2 + Z 

where CO denotes an angular frequency, and L1L2 are almost equal to m2. ^^i^ 

If the load Z is in a short-circuited state, that is. If Z = 0. the Input impedance Zin becomes zero as follows. 
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Zin = jcDL, + J^M)L _ jcoL, - = jcoL, - jcoL, = 0 

jcoLa + Z L2 

^0 (47) 



Subsequently, if the load Z is set to an open state, that is. H Z = oo. the input impedance Zn becomes as foltows, 
with the result that ihe impedance merely depends upon the inductance of only the pnmary coil. 




Zin = jcoU+ j^Li 



00 

(48) 



Accordingly, the input impedances of the primary coils of the transformers 27 and 28 are affected by the loads of 
'^^n^SStoFio.U.whentheprinclpledescnl^withreferencetoFig.l^ 

fiers 25 26 loads are in the short-circuited states, and the respective pnmary coils of the transtormere 27. 28 oper^e 
n a stai that the input impedances of the secondary coils of the transformer 27. 28 are zero (•^'^^''f^.^- 

45 A(^rdingly.inRg.14thesignalcurrentsiuiandiu2donotinduceavoltage^ 

ondary c^ils. In general, when the transformer is driven, the signal for the translbrmer is treated a o^n^rt and Je 
^gnLc flux pr^rtional to the product of that current and the inductance of the ^"^'^^^^'^^^S. 
magnetic core of Te transfomier. A voltage is induced in the secondary coil in accordance th^^riatron (drf- 
ferential coefficient) of this magnetic flux. Now. when a potential induced at the terminals of the secondary coU k 

50 taken as eg, this potential can be defined as follows. 



= M^ (49) 
dt 
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That is. in this instance, since a signal source for driving the transfomier is a current 
is CO. and When viewed from the secondary coil skle. as described beforeil depends "P°" 

inductance of only the secondary coil. One of the features of this embodiment being different from this ordinary 
method, is that the transformer is driven with a voltage source. 
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Secondly, a brief description will be niade hereinbelow of the integrating circuits 23. 24 additionally serving as low- 
pass filters. In the case of the integrating circuits 23. 24. when the integral capacity is taken as C. 1/C becomes the inte- 
gral coefficient of proportion. However, in a case where the input signal is expressible by a sine wave, when its angular 
frequency is taken as ca, the integral coefficient of proportion becomes l/coC which exhibits a frequency characteristic. 
This frequency characteristic is for the purpose of cancelling tiie differential actions of the transformers 27. 28. i.e.. elim- 
inating the fact that, when the inductance is taken as U the differential coefficient of proportk)n a>L appears in the differ- 
ential output so thai the transfbmiers 27. 28 have a frequency characteristic. That is. the Integrated frequency 
characteristic of the first and second frequency converting circurts 2. 3 to the common wave extraction output Is made 
to be even. If the frequency characteristic is even in the frequency range of the signal for the other circuit elements, the 
integrated frequency characteristic H of the first and second frequency converting circuits 2. 3 to the common wave 
extraction output is expressed according to the following equation, and the frequency variable go disappears so that it 
become even. 



As described atx>ve. in terms of the common wave extracting circuit being an element of the receiving circuit, the 
prior art uses a current source as a signal source for driving the transformer, while according to this embodiment a volt- 
age source Is employed as the signal source, and in addition, with the secondary coils of the transformers being cou- 
pled in parallel to each other, the impedance of the transformer can be raised only in relation to the inphase signal being 
a common wave or the anti-phase signal in accordance with the polarities In tiie connection between the secondary 
colls of the transformers, with the result a load effect due to an Impedance dose to zero arises for the non-common 
wava Accordingly, although in the prior art the difference (ratio) between the common wave and the non-common wave 
In the circuit Is 2 : 1 at most according to this embodiment the difference can at least be Increased up to more than two 
times as compared with that of the prior art tiiereby providing tiie removing effects greater than that of tiie prior art. 

Fifteenth Embodiment 

Fig. 16 is an illustration of an arrangement of a receiving circuit according to a fifteenth embodiment of this inven- 
tk>n. This embodiment relates to a modification of the fourteenth embodiment shown in Fig. 14. In Rg. 16, parts corre- 
sponding to those in Fig. 1 4 are marked with the same numerals. The difference from tiie fourteenth embodiment Is that 
an iiput line 21 through which the output of the first frequency converting circuit 2 passes and an Input line 22 tiirough 
which the output of the second frequency converting circuit 3 passes are connected with first and second non-common 
wave signal removing circuits 46. 47 which accept as first inputs the outputs thereof, respectively. The outputs of the 
first and second non-common wave signal removing circuits 46. 47 are fed to a common wave extracting circuit 5n. Fur- 
ther, the Input line 21 tiirough which the output of the first frequency converting circuit 2 passes and the input line 22 
through which the output of the second frequency converting circuit 3 passes are connected with a baieUice monitoring 
circuit 43 which receives the respective outputs as comparison signals. An output 31a of the common wave signal 
extracting circuit 5n is coupled to the frequency offset circuit 6 and further fed as a third input to the balance monitoring 
circuit 43. Other outputs of the common wave signal extracting circuit 5n are fed to first and second non-common wave 
signal detecting circuits 41, 42, respectively. The first and second non-common wave signal detecting circuits 41, 42 
accept, as a second Input, the outputs of the first and second frequency converting circuits 2, 3 through the input lines 
21. 22, respectively. The outputs of the first and second non-common wave signal detecting circuits 41 , 42, together 
witti the output of the balance monitoring circuit 43, are supplied to first and second synthesizing circuits 44. 45. respec- 
tively'. The outputs of the synthesizing circuits 44. 45 are fed as a second input to the first and second non-common 
wave signal removing circuits 46. 47. respectively. The other arrangements are the same as those in Rg. 14 except that 
the common wave extracting circuit is generally denoted at 5n in place of 5. and the description thereof will be omitted. 

Secondly, a description will be made hereinbelow of an operation of the receiving circuit acoording to this embodi- 
ment. As well as in Rg. 14. a signal Sq + ey^ is outputted from the first frequency converting circuit 2, while a signal Op 
•I- e^2 is outputted from the second frequency converting circuit 3. The outputs of the first and second frequency con- 
verting circuits 2, 3 are supplied to the first and second non-oommon wave signal removing circuits 46, 47, respectively. 
In the first and second non-common wave signal removing aVcuits 46. 47, a subtraction Is made with a second Input 
which will be described later. The outputs of the first and second non-common wave signal removing circuits 46. 47 are 
supplied to the common wave extracting circuit 5n. These inputs to the common wave extracting circuit 5n are basically 
the first frequency converting circuit 2 side signal e^ + eg^ and the second frequency converting circuit 3 side signal 
+ eu2. respectively. Accordingly, in the common wave extracting circuit 5n. tiie common wave signal ep is extracted as 
described in detail in terms of the common wave extracting circuit 5 in the fourteenth embodiment However, the com- 
mon wave exb'acting circuit 5n can not conrpletely remove the non-common wave signals as obvious from tiie example 
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shown in Rg. 14. More specifically, if the coupling degree of the primary coils and the secondary coils of the transform- 
ers 27 28 in the common wave extracting circuit 5n is insufficient or if the output impedance of the amplifier 25 or 26 
for dri>^ng the transformer is not sufficiwitly tow. the removal of the non-common wave components can not be acc»m- 
plished sufficiently For this reason, according to this embodiment the comnwn wave signal output 31a once extracted 
is feedbacked to be conpared wfth the first frequency converting circuit 2 side signal sq + eui orthe second frequency 
converting circuit 3 side signal eo + For this comparison, the aforesaid first and second non-common wave signal 
detecting circuits 41. 42 serves as comparators. 

This comparison results are outputted through the syrthesizing circuits 44. 45 for correcting the input sigi^ls from 
the Input line 21 through wWch the output of the first frequency converting circuit 2 passes and from the 'rput line Z2 
through which the output of the second frequency converting circuit 3 passes. For this correction, the aforesaid first and 
second non-common wave signal removing circuits 46. 47 worit On the other hand, when noting the common wave sig- 
nal er> the first frequency converting cncuit 2 side signal strength and the second frequency convertng circurt 3 8|de 
signal strength are not always equal to each other at the stage of the signals from the input line 21 through which the 
output of the first frequency converting circuH 2 passes and from the input line 22 through which the output of thesec- 
ond frequency converting drcurt 3 passes, or in the whole range up to the common wave extracting circuit 5n. Where- 
upon. H these signal strengths are signHicantly differert from each other, the difference is treated as a non;«ommon 
wave component, and hence, even if one has a sufficient signal strength, the signals are not used effechvely/Thus. it is 
effective that the output of the common wave extracting circuit 5n is compared wnth an intermediate point between the 
outputs of the first and second non-common wave signal removing circuits 46. 47 and the companson result is cor- 
rected wHh the offset being made in the whole of the circuit. TOs function can be accomplished with the balance mon- 
itoring circuit 43 and a path that the output of the balance monitoring circuit 43 passes through the first 
synthesizing circuits 44. 45 and feedbacks to the first and second nonK»mmon wave signal removing ciroiits 46 47. 

Rg 17 is an detailed illustration ofthe fifteenth embodimert shown in Fig. 16. where parts con-esponding to th^e 
in Rq 16 are marked with the same reference numerals. As well as in Rg. 16. the outputs of the first and s^nd fre- 
quency converting circuits 2. 3 are supplied as a f list input through the input lines 21. 22 to first and second drfferental 
amplifiers 46a 47a. the outputs of which are fed to first and second integrating circuits 23. 24 which sewe as low-pass 
filters The cutouts of the first and second integrating circuits 23. 24 are supplied to first and second buffer amplifiers 
25 26 respectively The outputs of the first and second buffer amplifiers 25, 26 are feedbacked to thar negative input 
sides The outputs of the first and second buffer amplifiers 25. 26 are applied to one ends of the pnmary coils of trans- 
formers 27 28. The other ends of the primary coils of the transformers 27. 28 are grounded in the form of alternatng 
currents. The secondary coils thereof are coupled in parallel to each other to have the same polarities, and a junction 
29 between one ends of the secondary cdls equal in polarity to the primary coils acts as an output terminal, while tfie 
the other ends thereof are grounded as alternating currents. The junction 29 of the secondary coils 'sconnerted wrth a 
third buffer amplHier 30 the output of which is feedbacked to its negative input side. The output SJ^rf the third buffer 
amplifier 30 is fed to the frequency offset circuit 6 and further coipled to the positive input sides of third and fourth drt- 
ferential amplifiers 41a. 42a and to the positive input side of a differential amplifier 50. The negafive input tenronate 
the third and fourth differential anplifiers 41 a. 42a are connected with the input line 21 through which «ie output of ttie 
first frequency converting circuit 2 passes and further with the input line 22 through which the output of the second fre- 
quent converting circuit 3 passes, respectively. The outputs of fourth and fifth buffer amplifiers 48. 49 are coupled 
through two resistors R. equal in resistance, to each other, and the node therebetween is coupled to the negatve input 
terminal of an eighth differential amplifier 50. Further, the outputs of the third and fourth differential amplifiers 41a. 42a 
coupled to the positive input temiinals of sixth and seventh differential amplifiers 44a. 45a. while the negative ter- 
minals of the differential amplifiers 44a. 45a are coupled tolhe output of the eighth differential amplifier 50^ The outputs 
of the sixth and sa^enth differential amplifiers 44a. 45a are coupled to the negative input terminals of the first and sec- 
ond differertial amplifiers 46a. 47a. respectively 

m Figs 16 and 17. the non-common wave signal removing circuits 46. 47 respectvely correspond to the first and 
second differential amplifiers 46a, 47a. the common wave extracting ciicuK 5n conresponds to a common wave exfrart- 
ing circuit 5p. the balance monitoring circuit 43 corresponds to a balance monitoring circuit 43a comprising ttief«)urth 
and fifth buffer annlif iers 48. 49. the resistors R and the differential amplifier 50, the non-common wave signal detwting 
circuits 41 . 42 correspond to the third and fourth differential amplifiers 41 a. 42a. and the synthesizing circuits 44. 45 cor- 
respond to the sixth and seventh differential amplifiers 44a, 45a. 

Secondly a description will be made hereinbelow of an operation of a concrete example according to this eml>od- 
iment As well as in Fig. 1 6. a signal eo + eui is outputted from the first frequency converting circuit 2. while a signal eo 
+ en, is outputted from the second frequency converting circuH 3. The outputs of the first and second frequency con- 
verting circuits 2. 3 are supplied to the positive input terminals of the differential amplifiers 46a. 47a for the renroval of 
the non-common wave signals, where the subtraction of a second input which will be described later is made, the out- 
puts of whtoh are fed to a common wave extracting circuit 5p. In the common wave extracting arcuit 5p, high-frequency 
unnecessary conponents are reduced by the integrating circuit 23 or integrating drcurt 24 ^J^"^^^^^^-J^ 
filter before the signals therefrom are fed to the first and second buffer amplifiers 25. 26. Accepting the first frequency 
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converting circuit 2 side signal + e^i and the second frequency converting drcuit 3 side signal eo -i- 6^2 ^om the 
buffer amplifiers 25. 26, transformers 27 and 28. as described in the fourteenth embodiment shown in Fig. 15. extract 
the common wave signal eo. while at the same time the non-common wave components are left The outputs of the sec- 
ondary coils of the transformers 27. 28 containing the remainder of the non-oommon wave components are led to the 
positive Input terminals of the differential amplifiers 41a, 42a. The differential anrv)lifiers 41 a. 42a accept the outputs of 
the first and second frequency converting circuits 2, 3 as comparison signals through Input lines 21 . 22. and further sup- 
ply the differential amplifiers 44a. 45a with the difference between theses comparison signals and the common wave 
signal output 31a extracted as a sut^stantial common wave component On the other hand, the common wave extracted 
output 31 a is feedbacked to the differential amplifiers 44a. 45a to be conrpared with the first frequency converting circuit 
2 side signal e^^ or the second frequency converting circuit 3 side signal eu2- These differential amplifiers 
41a. 42a correspond to the aforesaid non-corrunon wave signal detecting circuits 41. 42. This comparison results are 
fed to the positive input terminals of the differential amplifiers 44a. 45a. Going the other way. In terms of the common 
wave signal e[> if there is a difference between the strength of the signal entering the first frequency converting circuit 
2 side or the circuit gain in a range from the first frequency converting circuit 2 output (21) to the common wave signal 
output 31a and the strength of the signal entering the second frequency converting circuit 3 side or the circuit gain in a 
range from the secorxf frequency converting circuit 3 output to the comnrx>n wave signal output 31a. in order to attain 
the outputs with a high efficiency, the first frequency converting circuit 2 output (21) and the second frequency convert- 
ing circuit 3 output (22) are obtained in the txiffer amplifiers 48 and 49. before the intermediate value due to the resistors 
R is compared witii tiie common wave extracted output 31a in the differential amplifier 50. The comparison result is fed 
to the negative input terminals of the differential amplifiers 44a. 45a, i.e., the synthesizing circuits 44. 45, so as to be 
added to the first frequency converting circuit 2 output (21) and the second frequency converting circuit 3 output (22). 
The signals synthesized in tiie differential amplifiers 44a. 45a are supplied to the differential amplifiers 46a. 47a. 
respectively, thus correcting the first frequency converting circuit 2 output (21 ) and the second frequency converting cir- 
cuit 3 output (22). 

Thus, according to this emtxxiiment, there are provided a function that removes the non-common wave compo- 
nents remaining the common wave extracted output and a function that, in terms of the common wave signal eo 
removes the difference arising between the strengtii of tiie signal entering the first frequency converting circuit 2 side 
or the circuit gain from the output (21) to the output 31a and the strength of the signal entering the second frequency 
converting circuit 3 side or the circuit gain from the output (22) to the output 31a. 

Sixteerrth Embodiment 

Rg. 18 is an illustration of an arrangement of a receiving circuit according to a sixteenth embodiment of this inven- 
tion. A communicating method covered by this invention includes QPSK. and the arrangements as shown in Figs. 14, 
16 and 17 can only extract components equal in phase, i.e.. the 1-axis components in the QPSK. This errbodiment is 
designed to extract signals different by 180 degrees in phase. As shown in Fig. 18, the receiving circuit basically has 
the same arrangement as in Fig. 14. while two transformers are coupled so tiiat the polarities of the signals of the sec- 
ondary coils are opposite to each other. The Fig. 18 arrangement is the same as the Fig. 1 4 arrangement except for this 
point, and the description thereof will be omitted for brevity. In operation, in tiie case of the Fig. 14 an^angement the 
inphase^signats can be produced at. the. secondary .sides withoutJnterferi.ng witii each other, whereas in the Fig. 18 
arrangement the polarity of one secondary coil is inverted, with the result that the anti-phase signals, i.e.. the Q signals 
in ttie QPSK. which do not interfere with each other, are taken out at reception. Accordingly, the inphase signals come 
into anti-phase and interfering relation to each otiier in the secondary coil sides to attenuate. 

Seventeenth Embodiment 

Fig. 19 is an illustration of an arrangement of a receiving circuit according to a seventeenth emtxxirment of this 
invention. This ennbodiment relates to the antiphase signal taking-out feature of the aforesaid sixteenth emtKxJiment 
being applied to the receiving circuits as shown in Figs. 16 and 17. Atthough.tiie Fig. 17 an^angement relates to tiie 
removal of the non-common wave signal components of the Inphase signals arxj the improvement of t}alancing. in this 
embodiment, the common wave signal is treated as the antiphase signal to exhibit the same effects. 

Eighteenth Em»?odiment 

Fig. 21 is a block diagram showing an arrangement of a receiving circuit according to an eighteenth emtxxJiment 
of this invention. This embodiment adopts the same receiving method as that of the receiving circuit according to the 
fifth embodiment shown in Fig. 5. F=or this reason, the same parts as those in Fig. 5 are marked with the same reference 
numerals, and the detailed description will be omitted for simplicity, while only the unique portions of Fig. 21 arrange- 
ment will be descrik>ed hereinbelow. In this emtxxiiment, the local frequency signal generating circuit 4A is composed 
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of a desired wave carrier frequency signal generating source 32 for producing a desired wave carrier frequency signal 
an offset frequency signal generating source 33 placed in parallel relation to the desired wave carrier frequency signal 
generating source 32 to produce an offset frequency signal, a canier frequency signal phase-shifting arcuit 34 being a 
means for phase-shifting (delaying) the carrier frequency signal from the desired wave carrier frequency signalgener- 
ating source 32, an offset frequency signal phase-shifting circuit 35 being a means for phase-shifting the offeet fre- 
quency signal from the offset frequency signal generating source 33. and first and second quadrature demodulators 
36a and 36b. 

The first quadrature demodulator 36a comprises a first multiplier 37a for multiplying the desired wave earner fre- 
quency signal produced in the desired wave can-ier frequency signal generating source 32 by the offset frequency sig- 
nal produced In the offset frequency signal generating source 33. a second multiplier 38a for multiplying the desired 
wave carrier frequency signal phase^hifted in the carrier frequency signal phase-shifting means 34 by the offset fre- 
quency signal phase-shifted in the offset frequency signal phase-shifting circuit 35. and a negative offset side local fre- 
quency outputting adder 51 for summing up the multiplication result of the first multiplier 37a and the multiplication result 
of the second multiplier 38a to output a negative offset side local frequency (©c - <do). On the other hand, the second 
quadrature modulator 36b is conposed of a third multiplier 37b for multiplying the desired wave earner frequency signal 
produced in the desired wave carrier frequency signal generating source 32 by the offset frequency signal phase- 
shifted in the offset frequency signal phase-shifting circuit 35. a fourth multiplier 38b for multiplying the desired wave 
carrier frequency signal phase-shifted in the carrier frequency signal phase-shifting circuit 34 by the offset frequency 
signal produced in the offset frequency signal generating source 33. and a positive offset side local frequency output- 
ting adder 52 for summing up the multiplication result of the third multiplier 37b and the multiplication result of the fourth 
multiplier 38b to output a positive offset side local frequency (oc + <do). The output of the negative offset side local fre- 
quency outputting adder 51 is fed to the second quadrature demodulator 12. whereas the output of the positive offset 
side local frequency outputting adder 52 is fed to the first quadrature derrwdulator 11. 

Secondly, a description will be made hereinbelow of an operational principle and an operation of the eighteenth 
embodiment. The desired wave carrier frequency signal <ac from the desired wave canier frequency signal generating 
source 32 is supplied to the carrier frequency signal phase-shifting circuit 34 so that its phase is delayed by ic/2. The 
offset frequency signal cdo is supplied to the offset frequency signal phase-shifting circuit 35 so that its phase is delayed 
by ir/2 The first multiplier 37a of the two multipliers 37a and 38a making up the first quadrature demodulator 36a 
accepts the desired wave carrier frequency signal coscoct from the aforesaid desired wave carrier frequency signal gen- 
erating source 32 and the offset frequency signal cosoot from the offset frequency signal generating source 33. The 
second multiplier 38a accepts the desired wave canier frequency signal sincDCt from the carrier frequency signal phase- 
shifting circuit 34 which is phase-delayed by rdZ and the offset frequency signal sincoot from the offset frequency signal 
phase-shifting circuit 35 which is phase-delayed by «y2. As a resutt, a frequency of <oc - <do. as shown below, appears 
in the output of the negative offset side local frequency outputting adder 51 of the first quadrature demodulator 36a. 

coscoct X cosoot + sincoct x sin coot = cos (g>c - oo) t 

The third multiplier 37b of the two multipliers 37b, 38b making up the second quadrature modulator 36b accepts the 
desired wave carrier frequency signal cos<DCt from the aforesaid desired wave canier frequency signal generatng 
source 32 and the offset frequency signal sincoot from the offset frequency signal phase-shifting arcuit 35 which is 
phase-delayed by n/2. The fourth multiplier 38b accepts the desired wave carrier frequency signal sinoct from the car- 
rier frequency signal phase-shifting circuit 34 which is phase-delayed by 7l/2 and the offset frequency signal coscoot 
from the offset frequency signal phase-shifting drcurt 35 which is phase-delayed by ie/2. As a result, a frequency of oc 
+ CDO. as shown below, is obtainable in the output of the negative offset side local frequency outputting adder 52 of the 
first quadrature denxxlulator 36b. 

coscoct X stnct>ot + sinoct x cosa>ot = sin (o>c + coo) t 

As described above, it is obvious that this ent>odiment can generate the complementary type local oscillation fre- 
quency necessary for the basic arrangement of this invention, which is obtainable as an independent output. In addition, 
it is obvious that even if the carrier frequency of the desired signal is variable, the signal is treatable with no con-espond- 
ing fitters. 

Nineteenth Embodiment 

Fig 22 is a block diagram showing an arrangement of a receiving drcuit according to a nineteenth embodiment of 
this invention. In ttiis en^iment. in order to obtain fc + fo and fc - fo. there are used two phase shifters, a quadrature 
modulator, an adder and a polarity-inverting circuit This embodiment adopts the same receiving method as that of the 
fifth en*odiment shown in Rg. 5. For ttiis reason, the parts corresponding to those in Rg. 5 are marked with the same 
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reference numerals, and the detailed description will be omitted, while only the unique arrangement of Fig. 21 will be 
described hereinbelow. In this embodiment, the local frequency signal generating circuit 4A is composed of a a desired 
wave carrier frequency signal generating source 32 for producing a desired wave carrier frequency signal, an offset fre- 
quency signal generating source 33 placed in parallel relation to the desired wave carrier frequency signal generating 
source 32 to produce an offset frequency signal, a cam'er frequency signal phase-shifting circuit 34 being a means for 
phase-shifting the carrier frequency signal from the desired wave carrier frequency signal generating source 32. an off- 
set frequency signal phase-shifting circuit 35 being a means for phase-shifting the offset frequency signal from the off- 
set frequency signal generating source 33. arxJ a quadrature demodulator 36a, a polarity Inverting circuit 53, and a 
positive offset side local frequency oulputtrng adder 54. 

The quadrature modulator 36a has the same construction as the first quadrature modulator of the aforemerrtioned 
eighteenth embodiment, and comprises a first multiplier 37a for multiplying the desired wave carrier frequency signal 
produced in the desired wave carrier frequency signal generating source 32 by the offset frequency signal produced in 
the offset frequency signal generating source 33, a second multiplier 38a for multiplying the desired wave carrier fre- 
quency signal phase-shifted in the carrier frequency signal phase-shifting circuit 34 by the offset frequency signal 
phase-shifted in the offset frequency signal phase-shifting circuit 35, and a negative offset side local frequency output- 
ting adder 51 for summing up the multiplication result of the first multiplier 37a and the multiplication result of the second 
multiplier 38a to output a negative offset side local frequency [cue - coo). 

The polarity inverting circuit 53 inverts the polarity of the output of the second multiplier 3da. The positive offset side 
local frequency outputting adder 54 sums up the multiplication result output of the first multiplier 37a and tiie polarity- 
inverted output of the polarity inverting circuit 53 to output a positive offset side local frequency (cdc gso). Further, the 
output of the negative offset side local frequency outputting adder 51 is fed to the second quadrature denxxlulator 12. 
while the output of ttie positive offset side local frequency outputting adder 54 is fed to the first quadrature modulator 1 1 . 

Secondly, a description will be made hereinbelow of an operational principle and an operation of the nineteenth 
enrtxxliment. The desired wave carrier frequency signal coc from the desired wave carrier frequency signal generating 
source 32 is supplied to the carrier frequency si^al phase-shifting circuit 34 so that its phase is delayed by n/2. On the 
other hand, the offset frequency signal coO from the offset frequency signal generating source 33 is supplied to the ofteet 
frequency signal phase-shifting circuit 35 so that its phase is delayed by n/2. 

The first multiplier 37a of the two multipliers 37a and 38a making up the quadrature denrKxIulator 36a accepts the 
desired wave carrier frequency signal coscoct from ttie aforesaid desired wave carrier frequency signal generating 
source 32 and the offset frequency signal coscoot from the offset frequency signal generating source 33. The second 
multiplier 38a accepts the desired wave carrier frequency signal sincoct from the carrier frequency signal phase-shifting 
circuit 34 which is phase-delayed by 7i/2 and the offset frequency signal sincoot from the offset frequency signal phase- 
shifting circuit 35 which is phase-detayed by n/2. As a result, a frequency of oc - a>o. as shown below, appears in the 
output of the negative offset side local frequency outputting adder 51 of the first quadrature demodulator 36a. 

coscoct X coscoot -I- sincoct x sincoot « cos (coc - coo) t 

A portion of the output of the second multiplier 38a of the two multipliers 37a, 38a making up the quadrature mod- 
ulator 36a is fed to the polarity inverting circuit 53, and its inverted output, togetiier with the output of the first multiplier 
37a. is inputted to the positive offset side local frequency outputting adder 54. As a result, a frequency of coc -i- coo, as 
shown below, takes place. 

coscoct X sina>ot + (-1) sincoct x coscoot ~ cos (coc -i- coo) t 

As described above, it is otjvious that this embodiment can generate the complementary type local oscillation fre- 
quency necessary for tiie basic arrangement of this invention, which is ot>tainable as an independent output. In addition, 
it is obvious that, even if the carrier frequency of the desired signal is variable, the signal is treatable with no correspond- 
ing filters. 

Twentieth Embodiment 

Fig. 23 is a block diagram showing an arrangement of a receiving circuit according to a twentieth embodiment of 
this invention. In tiiis embodiment, in order to obtain fc -i- fb and fc - fb, there are used two phase shifters, a quadrature 
modulator, two adders and a polarity-inverting circuit. This entediment adopts the same receiving method as that of 
the fifth embodiment shown in Fig. 5. For this reason, the parts corresponding to those in Fig. 5 are nrtarked with the 
same reference numerals, and the detailed description will be omitted, while only the unique arrangement of Fig. 23 will 
be described hereinbelow. In this embodiment, the local frequency signal generating circuit 4A is composed of a a 
desired wave carrier frequency signal generating source 32 for producing a desired wave carrier frequency signal, an 
offset frequency signal generating source 33 placed in parallel relation to the desired wave canrier frequency signal gen- 
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eiBting source 32 to produce an oWset frequency signal, a carrier frequency signal phase-shifting circuit 34 being a 
means for phase-shifting the carrier frequency signal from the desired wave carrier frequency signal generating source 
32 an offset frequency signal phase-shifting circuit 35 being a means for phase-shifting the offset frequency signal from 
the offset frequency signal generating source 33. and a quadrature demodulator 36a. a polarity inverting circuit 53. and 
a positive offset side local frequency outputting adder 54. 

The quadrature modulator 36a has the same construction as the first quadrature modulator of the aforementioned 
eighteenth embodiment, and comprises a first multiplier 37a for multiplying the desired wave carrier frequency signal 
produced in the desired wave carrier frequency signal generating source 32 by the offset frequency signal produced in 
the offset frequency signal generating source 33. a second multiplier 38a for multiplying the desired wave earner fre- 
quency signal phase-shifted in the carrier frequency signal phase-shifting circuit 34 by the offset frequency signal 
phase-shifted in the offset frequency signal phase-shifting circuit 35. and a negative offset side local frequency output- 
ting adder 51 for summing up the multiplication result of the first multiplier 37a and the multiplication result of the second 
multiplier 38a to output a negative offset side local frequency (©c - cao). . . ^ ^ 

The polarity inverting circuit 53 inverts the polarity of the output of the second multiplier 38a. The positive offset side 
local frequency outputting adder 54 sums up the multiplication result output of the first multiplier 37a and the polanty- 
inverted output of the polarity inverting circuit 53 to output a positive offset side local frequency (g>c + oo). Furttier^ 
unlike the nineteenth entxxJiment. the output of the negative offset side local frequency outputting adder 51 is f^ to 
the first quadrature demodulator 1 1 . while the output of the positive offset side local frequency outputtng adder 54 is 
fed to the second quadrature modulator 12. ^ ^^..^ 

Secondly a description will be made hereinbelow of an operational principle and an operaton of the twentieth 
enixxJiment. 'The desired wave carrier frequency signal <dc from the desired wave carrier frequency signal generating 
source 32 is supplied to the carrier frequency signal phase-shifting circuit 34 so that rts phase is delayed by id2 Onttie 
other hand, the offset frequency signal oo from the offset frequency signal generating source 33 is supplied to the offset 
frequency signal phase-shifting circuit 35 so that its phase is delayed by nf2. 

The first multiplier 37a of the two multipliers 37a and 38a making up the quadrature demodulator 36a accepts the 
desired wave carrier frequency signal coscoct from the aforesaid desired wave carrier frequency signal generating 
source 32 and the offset frequency signal cos<DOt from the offset frequency signal generating source 33. The second 
multiplier 38a accepts the desired wave carrier frequency signal sintoct from the earner frequency signal phase-sliifting 
circuit 34 which is phase-delayed by n/2 and the offset frequency signal sinaxrt from the offset frequency signal phase- 
shifting circuit 35 which is phaseKJelayed by n/a. As a result, a frequency of gjc - ©o. as shown below, appears in the 
output off the negative offset side local frequency outputting adder 51 of the first quadrature demodulator 36a. 

oosoct X coscoot + sino>ct x sinoot = cos (©c - oo) t 

A portion of the output of the second multiplier 38a of the two multipliers 37a. 38a making up the quadrature mod- 
ulator 36a is fed to the polarity inverting circuit 53. and its inverted output, together with the output of the first multiplier 
37a. is inputted to the positive offset side local frequency outputting adder 54. As a result, a frequency off cdc + <do. as 
shown below, takes place. 

cos<&ct X sincoot + (-1) sincoct x cos<DOt = cos (g)C + ©o) t 

As described above, it is obvious that this entxxJiment can generate the complementary type local oscillation fre- 
quency necessary for the basic arrangement of this invention, which is obtainable as an independent output. In addition, 
it is obvious that even if the carrier frequency of the desired signal is variable, the signal is treatable with no con-espond- 
ing fitters. 

Twenty-Fir st Embodiment 

Fig 24 is a block diagram showing an arrangement of a receiving circuit according to a twenty first embodiment off 
this invention. In a digital modulating type communication system, this entoodiment allows less power in a receiving 
system, sinplif ies the circuit and permits reduction of power consumption. In Fig. 24. reference numeral 61 represente 
a first data input line for carrying a first received signal data obtained through a frequency converting circuit or a quad- 
rature demodulating circuit. 62 designates a first Fourier transformer for carrying out a Founer transformi off a signa^ 
irputted from the first data input line 61 . and 63 numeral depicts a first Fourier transformed output obtained by the f ire^ 
Fourier transformer 62. Further, the reference numeral 64 denotes a second data input line for carrying a second 
received signal obtained by the frequency converting circuit or the quadrature demodulating circuit, numeral 65 indi- 
cates a second Fourier transformer for performing a Fourier transform of a signal inputted through the second data input 
line 64 and numeral 66 stands for a second Fourier transformed output obtained by the second Founer transformer 65. 
Moreover, reference numeral 67 shows a correlator for accepting the frequency component outputs off the first and sec- 
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ond Fourier transformers 62. 65 at every frequency to calculate a coefficient of correlation, numeral 68 represents an 
adder for summing up the outputs of the first and second Fourier transformers 62. 65. numeral 69 designates an output 
of the correlator 67. numeral 70 depicts a weighting function de^ce for accepting the obtained correlator output 69 to 
perform the weighting, numeral 71 denotes a weighting value multiplier for multiplying the addition output of the adder 

5 68 to the output of the weighting function device 70, numeral 72 Indicates an after-processing circuit for perfbrming an 
after-process of the multiplication operation by the weighting value muftiplier 71. numeral 72 iixJicates an inverse Fou- 
rier transformer input produced by the after-imcess of the output of the weighting value multiplier 71. numeral 74 
stands for an inverse Fourier transformer for accepting the Inverse Fourier transformer input to carry out the inverse 
Fourier transform process thereof, and numeral 75 denotes an inverse Fourier transform output. 

10 Secondly, a description will be made hereinbelow of an operational prindple and an operation of the twenty first 
embodiment. In the aforementioned first to thirteenth embodiments as the basic arrangement there are provided the 
first and second frequency converting circuit 2, 3. the first and second quadrature demodulating circuits 11. 12. or one 
frequency converting circuit and one quadrature demodulating circuit With this arrangement, for the receiving opera- 
tion, the receiving circuit can obtain the first and second received signals. In this embodiment the first received signal 

IS is expressed by x(t) and inputted into the first data input line 61 . The second received signal is expressed by y(t) and 
inputted into the second data input line 62. The first received signal x(t) inputted into the first data input line 61 is Input- 
ted into the first Fourier transformer 62 to be Fourier-transfbrm-processed to provide the first Fourier-transformed out- 
put 63. On the other hand, the second received signal y(t) is inputted into the second Fourier transformer 65 to be 
Fourier-transform-processed to provide the second Fourier transformed output 66. WKh the Fourier transform proc- 

2o esses in the first and second Fourier transformers 62. 65. the first and second received signal data inputted is trans- 
formed from the time t^ase information into the frequency t>ase information. 

The first and second Fourier transformed outputs 63, 65 are fed into the correlator 67. The correlator 67 accepts 
the frequency components of the first and second Fourier transformed outputs 63. 65 at every frequency to calculate a 
coefficient of correlation. On the other hand, the first and second Fourier transformed outputs 63, 65 are inputted into 

25 the adder 68 apart from the calculation of the correlation coefficient by the con-elator 67. This adder 68 adds both the 
Fourier transformed output signals thereto. In addition. The correlation coefficient outputted from the correlator 67 is 
inputted into the weighting function device 70 to be weighting-processed. Moreover, the weighting value multiplier 71 
accepts the addition output of the adder 68 and the output of the weighting function device 70 to multiply an amount 
output signal thereby. Thereafter, the after-processing circuit 72 peribrms the after-process of the multiplying operation 

30 of the weighting value multiplier 71 . The inverse Fourier transformer input 73 produced through this after-process is fed 
to the inverse Fourier transformer 74 to be inverse-Fourier-transfbrm-processed. whereby the processing data is 
restored from the frequency base information into the time base information and the resultant signal represents the 
desired wave extraction result as the inverse Fourier transformed output 75. 

Then, a description will be made in terms of the theory of the desire wave extracting principle. First of all, the theory 

35 of the suppressing operation will be shown in the case that the desired wave does not come. A non-desired wave (exist- 
ing independently between two signal systems with time) is synchronously added. k>efbre an amplitude component is 
increased to R times (where R denotes a coefficient of correlation). The operation expression in the correlator is as fol- 
lows. 
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l5;Re(x* . y)I 



Coefficient of Correlation 
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Weighting 



when R > 0. f(R) = R 



when R < 0, f(R) = 0 



55 



If in each averaging window for calculation of the coefficient of correlation the power P|sio of the non-desired wave 
takes a constant value, the power Pf^ of the process output is expressed according to the following equation. 



Pn = (R'Pno)/2 
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where Pno • power of non-desired wave, R : coefficient of correlation. 

"mis correlation coeffictGnt R is calculated using a finite averaging window, and therefore a statistic error tal^ 
place so that it does not coincide with the real conrelation coefficient. TTie calculation of R is made with the independwrt 
samples which is N in number. Since the real correlation coefficient should be zero, the distribution of R is expressed 
by the prol)abiIity density function of the following equation. 

Probability density function with respect to distribution of R is: 
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From the above, the average power P^ of the process output is expressible by the following equation. 

1 p 
averagepowerPN = jlR^PNo * 9 ( R ) = s^jsTTf) 



If the averaging window for the calculation of the coefficient of correlation is a rectangular window witfi a length of 
Tc and the length of the hamming window in canrying out tiie Fourier transfbmi is taken as TF. the number N of the inde- 
pendent samples present in tiie averaging window is as follows. 

25 N = (Tc)/{TF) 

Accordingly, when the number N is large, the non-desired wave process output can be expressed by tiie following 
equation. 

N^co 4(N - 1) 4N Tc 

(54) 

35 



That is. tiie output is in proportion to 1/N. ^ - ^ • 

Furttiermore, a description will be made hereinbelow of the suppressing operation for tiie non-desired wave in the 
40 case that the desired wave anives. When the signal components are band-divided, tiiey are divided into regions where 
the desired wave signal exists and regions where it does not exist. The amplitude of the kth band component containing 
the desired wave component is outputted with tiie multiplication of the coefficient of correlation R(k) of that band. The 
coefficient of conrelation R(k) can be expressed by the following equation. 

The coefficient of correlation in kth band containing a desired wave component is: 
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M (55) 



^^•"^"PsoM + PNoCk) 

where Pso(»^ • P<wer of the kth frequency component of the desired wave component within the average time, PnoM 
• power of the kth frequency component of the non-desired wave component within the average time. 

When, in terms of k. Pso(k) and PNo(k) are constant values Pso and Pnq. the non-desired wave suppression effect 
is obtainable by the following equation. 

ratio of desired wave/non-desired wave in output signal ^ ^ w ^ ^ {'^'^s) Psq-^Pno j 
ratio of desired wave/non-desired wave in input signal 2 4(N-1) Pgo 



where Fs = (the nuntoer of bands containing tiie desired wave component) / (the total number of bands). 
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It is found from this equation that the improvenient effect of the ratio of desired waveAion-desired wave becomes 
larger as the number of bands containing the desired wave component is smaller. 

Thus, according to this embodiment the non-desired wave suppression function can be realized using the statistic 
error of the coefficient of correlation obtained by the finite averaging window, i.e.. the average time, and using the char- 
acteristic that the non-desired wave is time-independently present between two signal systems of the first and second 
received signals and treatable as unbalanced signal. 

Twenty-Second Embodiment 

Rgs. 25 to 33 are illustrations available for describing an arrangemertt and an operational principle of a receiving 
circuit according to a twenty-second embodiment of this invention. The above-described embodiments relate to method 
corresponding to a multiplexing digital modulating method such as to deal with a quadrature modulation signal. In this 
method, two quadrature demodulators are necessary, with the result that difficulty is experienced to reduce the power 
consumption and simplify the system. This embodiment relates to improvement of this point. In this embodiment, one 
quadrature demodulator is used, and hence secondary sampling is effected in the A/D converter to prevent the turning 
on the frequency axis arxf to produce, from the A/D converted output through a digital signal process, the quadrature- 
demodulated output, essentially necessary but not lost, due to the complementary local frequency. 

Rg. 25 is a block diagram showing an arrangement of a receiving circuit according to a twenty second embodiment 
of this invention. In Rg. 25. reference numeral 1 denotes an antenna, numeral 96 depicts a reception bandpass filter 
being a bandpass filter for waveform-shaping a received signal at a given frequency band, numeral 1 1 represents a 
quadrature demodulator for accepting the received signal, numeral 4 designates a local frequency signal generating cir- 
cuit, numeral 86 stands for a first low-pass filter for cutting the high-frequency band of one output signal of the quadra- 
ture demodulator 1 1 , numeral 87 indicates a second low-pass filter for cutting the high-frequency band of the other 
output signal of the quadrature demodulator 1 1 . numeral 90 signifies a first A/D converter for A/D-converting the output 
of the first low-pass filter 86, numeral 91 represents a second A/D converter for A/D-converting the output of the second 
low-pass filter 87. numeral 92 designates a sampling signal generating source having the function of supplying a dock 
with a frequency higher than a frequency corresponding to the band width of the received signal to the first and second 
AJD converter 90, 91, the function of adding a delayed pulse train to a sampling clock pulse train, and the function of 
providing the sampling clock pulse train and the delayed pulse train as the sampling pulses to the first and second A/D 
converters 90. 91 , and numeral 93 denotes an operating unit for extracting a desired received channel signal from the 
digitsU output data of the first and secorid A/D converters 90. 91 . 

In this embodiment, the quadrature denxxlulator 1 1 is composed of first and second multipliers 78, 79 for accepting 
the received signal from the reception bandpass filter 96 to carry out a frequency conversion and a frequency offset cir- 
cuit 98 for offset-processing the local oscillation frequency signal from the local frequerK;y signal generating circuit 4 to 
give it to the second multiplier 79. thus performing the frequency converting process of the received signal. 

Secorxlly, a description will be made hereinbelow of an operational principle and operation of the aforementioned 
twenty secorKi emtxxliment. In Rg. 25. the received signal obtained through the antenna 1 passes through the recep- 
tion bandpass filter 96 to come into an intended or aiming signal group within the t>and from which the l-axis component 
and Q-axis component are extracted through the quadrature demodulator 11. These signals are inputted into the first 
and second low^t^ss filters 86. 87 to remove their.highrfrequency unnecessary components, befbre are inputted into 
the first and second A/D converters 90. 91 . For the A/D conversion operation in the A/D converters 90. 91 . the sarrpling 
signal from the sampling signal generating source 92 is fed to the first and second A/D converters 90. 91 fbr carrying 
out the sampling operation. The digital data obtained through this sampling operation is ted into the operating unit 93 to 
be dtgital-signal-processed to provide a t>aset>and output. If the ordinary sampling is effected in the A/D converters 90. 
91 , an alias occurs due to the sampling so that the digital frequency conversion to be made afterwards becomes impos- 
sible. 

Rg. 26 is an illustration of the occurrence of an alias at the sampling by the A/D converters 90, 91 . In Rg. 26, when 
a signal shown in (A) is supplied and passed through a low-pass fitter, the high-frequency component is removed as 
shown in (B). When this high-frequency-component-removed signal is sampled, as shown in the A/D-converted output 
illustration of (C), an alias arises. f=6r tiiis reason, in this embodiment, means is provided fbr avoiding the turning on the 
frequency axis which causes the occurrence of the alias. This will be described hereinbelow with reference to equa- 
tions. 

Now, when the carrier frequency is taken to be fc and the QPSK suk>-carrier frequency is taken as fb. the radio sig- 
nal fpp can be expressed as follows. 

fRF = A(t)cos{2n(fc + f^)t + e(t)) (57) 
= A{t)cos{2K(f^ + f^)t + ea(t)) + A(t)sin{2n(fc+fo)t + ea(t)) 
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In this equation, the phase signal e(t) is ect) = 0. ± n/z. n . A consideration is tal^en of a multi-channel communication 
system such as a PDC. Fig. 27 is a model showing a state of a receiving channel in a multi-channel communication sys- 
tem Now. let it be assumed that as shown in Rg. 27 the respective channel are disposed at an equal interval on the 
frequency axis. Further, it is assumed that the channel spacing frequency is fb. When the N channels arrive after being 
5 passed through the input filter of the receiver, the input signal f in is as follows. 



N-1 N-i 
* IN = Z '^'W { ^ fb+*o) t + «ai(t)> + Z'^'W { 2" (*c-H X *b+*o) t + ©alWl (58) 

UO 1-0 



10 



In this instance, if the respective channels are close to each other, 2fo = fb. and hence the input signal f|N can be 
written as follows. 



N-1 N-1 

15 f,^ = 2Ai(t)cos{27c(f, + [2l + llfo)t + ea,(t)l + ZAKt)sin{2ir(fe + [2i + llio)t + eai(t)} (59) 



This signal group undergoes a frequency conversion being a direct conversion. In general, if the frequency conver- 
se sion is effected to lower the frequency by f lo and the frequency of the resultant signal is taken as foe. this frequency f dc 
can be expressed by the following equation. 



'DC -^IN ^^LO 
N-1 



2AI(t)cos{2ic(fe-fLo+I2i + nfo)t+0aiWl + ZAiWsin{27c(fc-fLo + t2i + llfo)t + 

N-1 N-1 

+ XAi(t)cos{2ic(fc+fLo+l2i + l]fo)t+^aiW} + Z^W®'"t27c{fc+tLO + I2i + n^)t+e^^^^ 
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In the above equation, the later two items are ordinarily easily blocked by the circuit frequency characteristic 
because the frequency is increased to two times the RF frequency. Accordingly, the frequency foe after the frequency 
conversion can be given as the following equation. 

f -f xf <®^> 

^DC - 'IN ^ 'LO 



5]Ai(t)COS{2ii(fc-fLO + l2i + Il*o)t + ^aiW) + Z'^WsJ"t2ii{fc^ 

Ibo 



In this case, some channels causes f c - fLo) to be negative. That is. the frequency is negative. This means that, of 
the polarities of the phase rotating plane of the QPSK signal, the Q axis is inverted, that is. means only that the rotation 
of the QPSK signal is reversed. Accordingly, even if the polarity of the frequency is negative, the signal does not disap- 

so pear. . 

Subsequently, for dighat conversion, this signal is supplied to the A/D converters 90, 91 , In this case, the A/D con- 
verters 90. 91 are equivalent to sampling, and the outputs thereof take discrete states. In the discrete process, the sig- 
nals before and after the process does not always have one-to-one relation to each other. In many cases, an alias 
occurs. Accordingly, the signal to be A/D<onverted is made to be lower than 1/2 of the A/D conversion frequency or a 
55 plurality of conversion signal trains for the A/D conversion are used (high-order sampling). 

A consideration is taken of a physical meaning of the negative frequency to find a way for using the negative region 
on the frequency axis. In the following equation, the carrier of the QPSK is set to a negative frequency. The positon of 
the negative signal is moved mathematically and the negative signal is rewritten to time and function value. In the fbl- 
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lowing equation, the uppermost portion represents a negative frequency, the second portion represents a negative time 
axis, and the lowermost portion shows a negative function. 

I np = A(t) cos {2n (-f J t + ea(t) ) + A(t) sin { 2n (-f Jt + ea(t) } (62) 
= A(-t) cos [2n f c(-t) + ea(-t) ) + A(-t) sin { 2n f ^(.t) + ea(-t) } 
» A(t) cos {2n f ct + ea(t) } • A(t) sin { 2n 6a(t) } 



Rg. 28 is an illustration of an A/D converted output with a negative frequency domain. The physical meaning of the 
negative domain of the frequency does not differ from the behavior of the positive frequency domain as far as viewing 
the above equation. However, the expression of - fc means that ttie fc is treated as being positive and the advancing 
direction on ttie frequency axis or the direction of the line of sight is opposite, that Is, means ttiat the rotation on the fre- 
quency circumference is reversed. It can be considered that the fact^that the frequency is zero indicates a state that it 
does not move anywhere on the circumference. Since the QPSK operation that ea(t) behaves is implemented at that 
position, the spectrum signifies the bandwidth of the QPSK information. 

For example, tiie RF signal and tiie local signals fed to the first and second multipliers 94. 95 fight with each other 
in terms of the rotating direction on tine respective frequency circles in the frequency conversion. In lowering the fre- 
quency, they complete with each other to give the rotation in the opposite direction. As the frequency approaches zero, 
the rotating speed decreases and the rotation stops finally. When further advancing, the opposite-direction speed of the 
local signal side becomes higher so that the rotating direction becomes reversed. 

From the above, in this theoricat development, tiie signal spectrum that the result gets into a negative frequency 
domain due to the frequency conversion or the like is not expressed to have a turning to the positive domain, but 
expressed such that tiie frequency axis continues in the positive arvl negative directions. This is for the purpose of 
expressing that the signal itself has information comprising a plurality of axes like the QPSK signal and others. Accord- 
ing to the general prior expression, the frequency domain is limited to the positive region and the spectrum is tumed to 
narrow the frequency space, thereby losing the degree of freedom of the expression by one. 

On tiie other hand, the signal itseH needs to be divided so as to discriminate in the quadrature space that it forms 
the phase space as time, i.e.. phase function. Fig. 29 shows a method for decomposing a signal component in quadra- 
ture components with a cosine function and a sine function by utilizing the phase difference of it/2. In this illustration, 
because being expressed by the cosine function, f |(t) does not depend upon the positive and negative on the frequency 
axis (even function). Since fQ(t) is expressible Isy the sine function, when ttie frequency is in the negative regton. the 
sign of the function inverts (odd function). 

By using the above-mentioned two methods, unlike the conventional spectrum dispositton that, in the A/D conver- 
sion, the conversion frequency (or sampling frequency) fs is taken as a turning point and the high frequency skJe is 
turned to less than the conversion frequency fs, the image spectrum over the conversion frequency fs is directiy 
expressible. 

Then, these two orthogonal signals are subjected to A/D conversion. The frequency domains of the two orthogonal 
signals are at the vicinity of the t)aseband. and it is sufficient that the conversion speed is more than two times that of 
the intended signal by tiie shannon's sampling theorem. Fig. 30 is an illustration of one example of an quadrature sam- 
pling in the case that two orthogonal signals.are A/D^nverted. The arrangement of Fig. 30 clearly shows the signal 
flowing into parts in the arrangement from the reception bandpass filter 96 to the first and second A/D converter 90. 91 . 
In Fig. 30, Ts represents the sampling period. In this A/D converting operation, the san^ling frequency cos has a relation 
of (OS s Wo and forms a pair of sampling trains of f i(t) and fQ(t). According to this method, since the signal f(t) is sampled 
as a point on the IQ plane, the information such as the rotating direction of the signal is obtainable and can be converted 
into a digital form. 

If taking into account the frequency offset being a main point of tiiis embodiment, the Fig. 30 arrangement becomes 
as shown in Rg. 31. That is, the local frequency is changed from (nc into cdc - g>o so that the offset frequency of ox> 
remains in the output signal. Since the frequency coo being the transmission speed of the baseband signal and the fre- 
quency offset coo are contained in the signals f|(ci)Ot) and foCcoot) to be supplied to the A/D converters 90. 91 . in the case 
of the base band transmission below a roll-off rate of 0.5. the frequency k>and width of 3coo centering on the canier fre- 
quency is conskiered to be contained therein. Accordingly, if the frequency of the sampling dock is more than Bgso, it 
works sufficiently Because the signal f(t) is sampled as a point on the IQ plane, the information such as the rotating 
direction of ttie signal can be ensured and converted into a digital form in a state ttiat the continuity of the frequency 
axis in the positive and negative directions can be kept. 

Accordingly, both the positive and negative frequency conversions of the digital signal output of this receiving circuit 
is are possible through the digital signal processing. That is. With the digital frequency conversion of minus 2coo. the 
signals f|(-coot) and fQ(-G)Ot) are obtainable from the signals f|(cx>t) and fQ(coot). As a result, according to the atK>ve-men- 
tioned method, only one of the pairs of quadrature demodulators relaying on the complementary local oscillation fre* 
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quency is used, whereby the hiflh-frequency cireurt is simplHied up to approxhnately half and the power consumption is 

reducible^^ is an illustration for describing another sampling operation different from the quadrature sanripHng 

and 31) in the case of carrying out the aforesaid M> conversing operation. Thisis b^on 

secondary sampling. In this sampling method, as shown in Fig. 32 a signal fb(t) obtained by lowering ^ W-^^e"^ 

kTOJt sianal f (t) to the baseband through the frequency conversion is coupled to two A/D converter systems. Wrth this 

X^rSi^ ISSfn^ses arrangi as conversion pulses (sanpling pulses) at an equal time '^yj^^^--"^; 

Rg. 33 is attained in the fbm, of two-system pulse trains in a state with a delay time X. in conse^^^^^ 

33 the signal to be sampled is sampled with doubled pulses. The sampling frequency is se^ to be ™^ ^^^ll 

quency t«nd width of the signal. That is. in the above case, since the transmittinB ^peed of the bas*and agna fb^t) « 

Ic inlthe case that the roll-off rate is below 0.5. the frequency band width becomes approximately ^'^^f^^'^ 

is sufficient that the sampling frequency is also 3<aa With such sampBnathe phase space .X!^,^i„l^X 

nents other than the real axisatthefrequency of the signal being sampled, and hence *e.nfbrmatw o^^ 

ues on the frequency axis in the positive and negative directions. However. If the '^^J^fJ^^^'^^ 

corresponding to only the real axis component is obtained, with the resuK that rt is required to 6e'ecttf« (J^e^rfU 

ing amount other than n. If this method is made to be of the frequency offset type according to this invention, it becomes 

as shown in Fig. 33. 

Twentv-TKr d Embodiment 

Figs. 34 and 35 are illustiations for describing an anangement and an operational principle of a receiving cireurt 
acco«alng to a twenty third embodiment of this invention. Similarly, this twenty '"'^ enriwdiment 
Lme concepts as Zt of the twenty second en*odmert. and the number Of the quadratoredemoj^ 

one so as to lessen the power consunption and simplify the system. For this PU-POseJhe ^^^^^^^^^^ 
formed in the M3 converter in order to avoid the turning on the frequency axis and to produce ^e^^^i^^'J^^^'^^ 
oiZ^due to the complementary frequency, essentially necessary but lost, from the /WD converted output by means of 

1S^'?sTl£S^rram showing an arrangemem of a receiving drcuit a^^^^^ 
In Fig. 34. reference numeral 1 represents an antenna for accepting a signal being received^umeral 96 des'Snat^ a 
reckon bandpass filter tor wavetomi-shaping the received signal in a given frequency band, numeral 1 1 d^not^ a 
qSture demodulator for accepting the received signal.numeral4depictsatocalfr^^^^^ 
^stands forafirstlow<)assfiKer for cuttingahigh-frequency band of one output signal (0^^^ 
ulator 1 1 . numeral 87 indicates a second tow-pass filler for cutting a high-frequency band of the aforesaid one oirtpu^ 
signal (I) from the quadrature demodulator 1 1 . numeral 90 ^eP^^entsafirslM) wjwertertor Am-<^^ 
of thefi^t low-pa^ filter 86. numerals! designatesasecondArtJ converter for AAJ-conve^^ 
low-pass filter 87. numeral 92 signifies a sampling signal generating source having a functwn of 
nal wrth a frequency higher than a frequency corresponding to a bandwidth of 

sianal as a Mmpling pulse signal to the first and second A/D converters 90. 91 . and numeral 97 denotes a delay cirwit 
^Ss^nH^ZSng cl^ Signal from the sampling signal generating source 92 to supply -S-" 
second A/D converter 91. In addition, the other output signal Q of the quadrature demodulator 1 1 is given to a Q-«« 
side circuit section having the same arrangement as the l-axis side circuit section comprising the afo^e'"?;^^"^* *f ^ 
S 87. A/D converters ^. 91 . sampling signal generating source 92 and delay circuit 97 The l^^^'^*^"^ "P ^^^^^^^ 
axis 8i;ie circuit section are marked with the same numerals as those of the 1-axis side circuit se<*on. burt_teshes 
added to the numerals, in orcier to make clear the corresponding relationship, ^^f^'^-^^^^^f^^ 
ating unit for extracting a desired reception channel signal from the digital output data of the first and second ArtJ con- 
verters 90. 90". 91 and 91 ' in both the l-axis and Q-axis sides. _„»^„ 
m this instance, in place of the provision of the two low-pass filters 86. 87 a single '<«*-P^ •««;<*;',«S^;. 
low-pass filter 86) can be used in common for the two A/D converters 90. 91 in such a way *at the oi^u^ ^JT^o 
is coupled to the irpute of the A/D converters 90. 91 . Moreover, the respectn^e ones o^*fsampl|ng signal senera^g 
sources 92. 92" and the delay circuits 97. 97' can be used far both the l-axis side circurt section and Q-axis side circuit 

^*°sScondly. a description will be made hereinbelow of an operational principle and operation of the a^off mentioned 
twenty ttiirt embodiment In Fig. 34. the received signal obtained through ttie antenna 1 passes through »^J'^^^ 
tendpass filter 96 to come into an intended signal group within the band, from which the 1-ax.s ?f ^^^^^ 

axis component are extracted through the quadrature demodulator 1 1. This l-axis component «8;«l « 'nP|*^ '^o 
fi,st and second low-pass filters 86. 87 to remove the high-frequency unnecessary components, the ^'^^f^^^te 
being inputted into the first and second A/D converters 90. 91 . For the A© oor«reraon operation in ^^'^^^^^ 
90. 91. the sampling signal from the sampling signal generating source 92 ^^^''^l^'^'^^jT'^^^J^;, 
iwieanv^hile. after being frequency-offset in the delay circuit 97. it is fed to the second M3 converter 91 . thus performing 
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the sampling process. The Q-axrs component undergoes the similar sampling process. The four digital data obtained 
through this sampling operations are led into the operating unit 93 to be digital-signal-processed to provide a baseband 
output. 

Fig. 35 is an illustration of one example of the quadrature sampling in the case that two orthogonal signals are A/D- 

5 converted, in the twenty third embodiment The Rg. 35 arrangement obviously shows the signals flowing the parts in 
the arrangement from the reception bandpass filter 96 to the first and second A/D oonverteis 90. 91 of the l-axis side 
circuit section In Fig. 34, where the illustration of the Q-atxs side circuit section is omitted for simplicity. In Fig. 35. Tsl 
is indicative of a sampling period. In this embodiment, since the frequency conversion includes the offset frequency odo. 
the offset remainder <t)0 is present in the output signal. In tiiis state, as described in the aforesaid twenty second embod- 

10 tment. the offset frequency cdo is used as the carrier, and the signal band with a spectrum developing the transmission 
speed of coo is made. At this time, the shannon's secondary sampling theorem has a sampling frequency above the sig- 
nal band width, and with the pulse train undergoing the delay x being also added, it is possible to sample all the infor- 
mation amourrt including the original signals. Accordingly, in a case where the roll-off rate is below 0.5. the frequency 
band width of the aforesaid signal fb(t) is about Sodo. and hence the sampling frequency can be set to 3coo. As described 

IS before, the delay time t can take a value other than the phase n of the signal fb(t}. Particularly, if x = 7c/2, the output can 
form an orthogonal IQ plane. 

Since from the above the signal fb(t) is sampled as a point on the orthogonal IQ plane, it is possible to obtain the 
information such as the rotating direction of the signal and further to keep the continuity of the frequency axis in the pos- 
itive and negative directions, which allows digital conversion. Accordingly, it is also possible that the digital signal output 

20 of this receiving circuit is frequency-converted through the digital signal process in k)oth the positive and negative direc- 
tions. That is. with the digital frequency conversion of minus 2a)0. the signals f)(-cDOt) and fQ(-cDOt) are obtainable from 
the signals f|(oxn) and fQ(<iX)t). As a result, according to the above-mentioned method, only one of the pairs of quadra- 
ture demodulators depending on the complementary local oscillation frequency is used, whereby the high-frequency 
circuit is simplified up to approximately half and the power consumption is reducik>le. Incidentally, it is equivalent to use " 

25 one A/D converter and Integrally supply the sampling pulses. That is. referring to the Fig. 25 example, the first and sec- 
ond A/D converters 90. 91 are replaced with one A/D converter, and the sampling pulse for the first A/D converter 90 
and the sampling pulse due to the delayed pulse train for the second A/D converter 91 are made to be received through 
a common sampling input section of the one A/D converter. In this instance, two systems of digital output data oulput- 
ting sections are provided so as to separately output and supply the digital output data due to the non-delayed sampling 

30 pulse train and the digital output data due to the delayed sampling pulse train. It is also possible to provide a receiving 
circuit with such an arrangement. 

Twenty-fQurth ^m»?<xj!mem 

35 Figs. 36 and 37 are illustrations for desaibing an arrangement and an operational principle of a receiving circuit 
according to a twenty fourth embodiment of this invention. Similarly, this twenty fourth embodimerrt is based upon the 
same concepts as that of the twenty third embodiment, and the nunt)er of the quadrature demodulator is reduced to 
one so as to lessen the power consumption and simplify the system. In this instance, a plurality of A/D converters (two 
or more converters) are provided, and the secondary sampling is performed in the A/D converter in order to avoid the 

40 turning on the frequency axis arxj to produce the frequency-converted output due to the complementary local fre- 
quency, ess^ially necessary but lost from the A/D-converted output by means of the digital signal processing. 

Fig. 36 is a k)lock diagram showing an arrangement of a receiving circuit according to a twenty fourtii embodiment 
of this invention. In Fig. 36. there are shown an antenna 1 for accepting a signal being received, a reception bandpass 
filter 9 being a k>andpass filter for waveform-shaping the received signal at a given frequency band, a quadrature 

45 demodulator 1 1 for accepting the received signal, a local frequency signal generating circuit 4, a first lowisass filter 86 
for cutting off tiie high-frequency band of one output signal (I) of the quadrature demodulator 11 . a plurality of second 
and following low-pass filters 87a to 87m for cutting off the high-frequency band of the aforesaid one output signal (I) of 
the quadrature demodulator 11. the number of the low-pass filters being equal to the number of second and following 
A/D converters which will be noted later, a first A/D converter 90 for A/D-converting the output of the first low-pass filter 

so 86. a plurality of second and following A/D converters 91 a to 91 m for A/D-converting the outputs of the second and fol- 
lowing low-pass filters 87a to 87m. respectively, a sampling signal generating source 92 for supplying a clock with a fre- 
quency higher than a frequency corresponding to the band wktth of the received signal to the first second and following 
A/D converters 90. 91 a to 91 m. and a plurality of delay circuits 97a to 97m for offsetting the sampling clock signal from 
the sampling signal generating source 92 to supply it to the second and folk)wing A/D converters 91a to 91m, respec- 

55 tively. As well as the Rg. 34 arrangement, in the Rg. 36 arrangement the one output (I) of the quadrature demodulator 
1 1 is supplied to the l-axis side circuit section while the otiier output (Q) thereof is given to a Q-axis side circuit section 
105 having the same arrangement as the l-axis side circuit section. Reference numeral 93 depicts an operating unit for 
extracting a desired reception channel signal from the digital output data of the first, second and following A/D convert- 
ers 90. 91a to 91m. In this embodiment, the numt>er of the second and following A/D converters 91a to 91m is m, and 
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correspondingly the nuntoers of the l«»-pass fillers 87 and the delay circuits 97 are also m. ^j!^^^;" ^^^f. 
twei^ird ert)odiment. the sanpling signal generating source and the delay arcurt can be used .n common lor the I 
axis side circuit section and the Q-axis side circuit section. _^ ^_ ^ 

Secondly a description will be made hereinbelow of a operational principle and an operafion of the twwity fourth 
errtxxJiment in Fig. 36 the signal received by the antenna 1 passes through the reception bandpass filter 96 tooome 
TrT^ wended ^nal group within the band, from which the l-axis component and Q-ax.s component are extract^ 
Jrl^hle Xr^ure SeriSdulator 1 1. This l-axis component is inputted into the first, ^-^'^f^f '^""a^'^S 
filte^86. 87a to 87m to remove the high-frequency unnecessary component, before jnputted into the f^sl se«,nd and 
following MD converters 90. 91a to 9lm. For the M) conversion operation in the NO converters 90. 91 a to 91 rMhe 
SSsSnS^fromthesampKng Signal generating sou,^ 

afleTb^ng frequency-offset in the delay circuits 97a to 97m/rtisfedtothe second and fo«^^ 

91 m. subLqtTently undergoing the sampling process. The similar sampling process^also ^ 

nent ThVplurality of digital data obtained through these sampling operations are led into the operating unit 93 to be 

^'^l^iTiSS^^^^^ 

converted, in the twenty fourth embodiment. Fig. 37 arrangement obviously shows the signals '^^nnfl parts " the 
^^r^ement from theTeception bandpass filter 96 to the first, second and following 

the lids side circuH section in Rg. 36. In Fig. 37, Tsl is indicative of a sampling penod^ In this ^^^f J 
oSer Mmpling is effected by (m + 1) /VD converters different in delay time. Accordingly, rt is possible to s»«P«rfy the 
S^^^nc^circuHfor thesinalinthecase of thedigital modulation and m^^^^^ 

the afcMBsaid method, the complicatedly multiplexed digital-modulated signal can also be covered by only one of fte 
^irJo^CencycoriverterSyingon'thecomplementary local osdl^^^^^ 

cuit is siiWlified up to approximately hall and the power consumption is reduaWe. Inadentally. it is equivalent to use 
one A/D converter and integrally supply the sampling pulses. 

Twantv-Fifth gmbodiment 

Rg. 38 is a block diagram showing an arrangement of a receiving circuit according to a twenty fWh en^^ 
this inwnaon In Rg 38. there are shown an antenna 1 , a received signal inputting circuit 81 for accept^ the receiv^ 
*i aSnS 1 . a gain control circuit (AGC) 88 for performing the gain ,^ol of the r^-J -gn^- - '^ 
MD converter 90 for Art) converting the output signal of the gain confrol circuit 88. a second A/D converter 91 for 
iSeS^gtrcS^SsSreilrt the gJn control 
r^^'nTerttr^rilings^^^^ 

coirespondlng to the band wWth of the received signal to the first and second Art) converters 90, 91 . f^Jf* 
^era^pulsetraintoasampling Clock pulse fraintoprovlde the sarrpnngdod. pulse t^^^ 
as the sampling pulses to the first and second Art) converters 90. 91 . and an operating unit 93 for artracting ad^r«J 
SJ^'^annel slgn^ from the digits output data of the first and second M) comerX^^'l^ '^^^^ 
irputting section 81 is composed of an arrplifler 94 and a bandpass filter (receiving band) 96. In addition, a phase 
shifter 99 is placed between the gain control circuit 88 and the second MD converter 91. 

Secondly, a description will be made herelnbelow of an operational principle and an operatjon of the IwertyfiWh 
entto^ent A signal group received by the antenna 1 gets into signals of only the communication channel t«nd by 
^ Tthe recSSi ?gnS inputting circuit 81 including the reception bandpass f iller 96. This signahs ga.n-ad,ust«l 
S^gh mrgL^S^circuil sTto turn into a signal with a given level which in torn, is fed to the first Art) converter 
go^erefr^m thirling signal generating source 92 there is obtained sampling pulses compnsing a pulse group 
^toTfrSX n timeTth^f rien'cy «« (n : an integer) and a pulse group with the same ^^^^Z''^:^^^ 
m!s thVrecelved signal undergoes the secondary sampling operation by the first Art) co™/«ter 90 and is converted 
into data centering on the desired channel signal, before being supplied to the operating umt OT. 

T^e received signal gain-adjusted by the gain «,ntroldrcuft88tohaveagjvel«^ 
tem signal lineirto the phase Shifter 99tobe phase-processed, before being fedtothesecond Art) ^nv^^^ 

from the sanpling signal generating source 92 there Is obtained sampling pulses compnsing a pulse 9"^ **!^^ 
qS^ n^^ *e frequency <ao (n : an integer) and a pulse group with the same frequency ^elay-proce^ed. T»n«^ 
?e r^eived signal ur^ergoes the secondary sanpling operation by the second A/D conv^?: ^^^^^ '"^ 

dataTentering on thedeXed channel signal, before being »f>plied to the operating unit 93. The information on t^efre- 
S SicJ^Hviron with ««-<«, is produced on the basis of both the data, and the correlalfon operafton is effected to 

extract the desired signal as a common wave. ^^..^^^ooin 

Rg. 39 is an lllusfration for describing one example of an opention of the sampling «9n8J generating source^ .n 
the twenty f«h embodiment, and isablock diagram schematically and briefly showmgoneA^^ 
90). the^inpllng signal generating source 92 and other portions other than the operating ^^^^^^ 
mert m the Fig. 39 arrangement, a pulse group with a frequency n times the frequency e« (n : an integer) is produced 
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in the sampling signal generating source 92 and the delay operation is made t time for g)0 in the delay circuit and the 
result is added to a pulse train from the sanrpling dock generator. 

Fig. 40 is an illustration for describing another example of an operation of the sampling signal generating source 92 
in the twenty fifth embodiment, and is a block diagram schematically and briefly showing the first A/D converter 90. the 

5 sampling signal generating source 92 and the other portions other than the operating unit 93 in the Fig. 38 arrange- 
ment. In the Fig. 40 example, the sampling signal generating source 92 produces a pulse group with a frequency n 
times the frequency ooo (n : an integer) and the delay circuit performs the delay operation for coo by time corresponding 
to 7c/2. thus generating the pulse train from the sampling clock generator and the delayed pulse train from the delayed- 
pulse-train-adding circuit, particularly delayed pulses delayed by a phase difference time corresponding to id2 with 

10 respect to the frequency of the desired channel signal. 

Fig. 41 is an illustration for describing a further example of an operation of the sampling signal generating source 
92 in the twenty fifth embodiment and is a block diagram schematically and briefly showing the first A/D converter 90. 
the sampling signal generating source 92 and the other portions other than the operating unit 93 in the Fig. 38 arrange- 
ment. In the Fig. 40 example, tiie sampling signal generating source 92 produces a pulse group with a frequency n 

IS times the frequency coo (n : an integer) and the delay circuit performs the delay operation for coo by ic/2 time plural times, 
thus generating the pulse train from the sampling dock generator arxJ tiie delayed pulse train from the delayed-pulse- 
train-adding circuit, particularly a plurality of delayed pulse trains delayed by a phase difference time corresponding to 
7c/2 in relation to the frequency of the desired channel signal. 

As obvious from the above, according to this emtxxiiment. the frequency based on the band width is used as a 

20 sampling clock frequency for the A/D converter, with tiie result that, even if the sampling frequency component leaks in 
the air. the leakage does not interfere with the communication, and the leakage can easily prevented by the reception 
bandpass fitter 96 built in tiie received signal inputting circuit 81 . In addition, since the sampling frequency is extremely 
lower tiian the canier frequency, it is allowed to lower the frequency affecting the power consumption in the circuit Fur- 
thermore, since no analog type frequency converting circuit is present in tiie receiving circuit, active elements and filter 

25 elements assodated therewitti are unnecessary. The A/D converters 90, 91 and the following digital signal processing 
circuit can all be constructed as an integrated circuit, and hence the drcuit can be size-reduced and the wiring amount 
witiiin the integrated drcuit can be little, which greatiy reduces the power consumption. Thus, it is possible to reduce 
the power in the receiving system, simplify the receiving circuit, and lessen the power consumption. 

30 Twenty-Sixth Embodiment 

Furthermore, a description will be made hereinbelow of a twenty sixth embodiment of this invention. Although for 
reduction of tiie high-frequency circuit portion and reduction of the power consumption, various improvements have 
been made for receiving drcurts of mobile connmunication systems, all of these improvements do not reach a satisfac- 

35 tory result. Fig. 42 shows a frequency disposition for the Japanese standard digital type automobile telephone system. 
In Fig. 42, for example, in the case of 810 MHz to 828 MHz of the PDC being one example of the Japanese standard. 
640 waves are contained therein. That is. 1200 channels are arranged at 25 KMz. Directiy performing the sampling for 
this frequency band greatly involves waste, because tiie channel t)and width accommodating the transmission informa- 
tion is as narrow as 23 KHz and the information amount is little. For tiiis reason, if the received radio band signal is 

40 immediately sampled in relation to its carrier frequency band 800 MHz, the sampling.of the several GHz (giga hertz) Vifiil 
be expected.'whereas the tnfbrniation amount is only 25 kHz and hence most of the sample data becomes redundant. 

In the receiving drcuit aocorcfing to this emtXKliment. a way of directiy adding the received signal to an A/D con- 
verter is realized, tiiereby permitting tiie reduction of the number of the frequency converters. If according to tiie shan- 
non's sampling theorem the maximum value of the time interval of samples necessary for specifying an arbitrary time 

45 function f(t) is considered in terms of the uniform samples, it is expressible as the following equation and comes to a 
well-known oversampling theorem. 

so 

«m ^ 4 I ^ \ sin ( 2tc Wt - n 71 ) 
50 n..oo 



In this equation, the frequency W represents the upper limit of ttie frequency components contained in the time 
function f(t). i.e.. in this case, 826 MHz. Whereupon, the sampling speed reaches several giga S/s more than two times 
55 of 826 MHz. A consideration is taken of the case that the spectrum is limited to f1 to f2. In this instance, Bn equation 
based on the shannon's secondary sampling tiieorem becomes as follows. 
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where Ui) denotes a value obtained by shifting the phases of all the spectrums of fq(t) by iJ2. 

TTfe equation means that, if the values of f(t) and fq(t) are sampled at a ^"^l-ng m erval T = - fU^^ 
Signal fft)te completely expressible. Accordingly, when f2 - f 1 = W (Hz), it is suff «.ent rf f (t) and ^re 8tern^eVs«n- 
DlSat fte K^nSng tin«irten«l of 1/W. "mat is. assuming that the bandwidth of the filter provried m recejved s.g- 
KS^rSrt'isTs KHZ. the sampling speed of 25 KHz is enough. Because the «>teraju^ ^^S. 
ZJLi signal inputting circuit is designed in a state with all the adjacent channels being contain^, rts tondwrim 
LS,m^ sl^ (MHz) - 810 (MHz) = 16 (MHz), and the sampling speed becomes 15 MS.s^ Tbe dspos*on s«e o^« 
fSr^SisshowninFig-^whichisaschematicillustradonoflhechann^^ 

digital type automobile telephone system. _,. . eivih an^wfiment 

Rg44 is a block diagram showing an arrangement of a receiving circuit according to the '"'^^r*?"*^"^*"^ 
of thSnvention. In Fig. ^. reference numeral 1 represents an antenna, numeral 81 ^^'^''^.^'^J^^^. 
drcuH for accepting a received signal obtained through the antenna 1 . numeral 88 denotes a 9f " "'T^' 
Ti^S oSS^n adjustment for ttie received signal, numeral 90 depicts an A/D converter for A/D oonvertng the o^ 
sKSSeSin cciitrol circuit 88. numeral 92 indicates a sampling signal 9r"t"l'°"'''™^^i^2 
dock aeneraftna section 92a for outputting a clock with a frequency higher than the frequency corresponding to ttie 
SiS^tS^SSS^^nal to S AA3 converter 90. a delayed pulse adding 

SS^toTsampling clock putee train, and a pulse adding secfion 92c for supplying the sampling dock pulse tram and 
TdeliS^Sse l^n a^^sampling putees to the A«J ooryerter 90 and numeral ^"^^ ^ ^J^^KS 
extracting a desired receiving diannel signal from the digital output data of the A^converter 90. The received s«nai 
irputting section 81 is made up of an amplifier 94 and a reception bandpass filter 96. twentv-sixth 

Secondly, a description will be made hereinbelow of an operational pnnciple and an operalKXi <^ 
eniS^^tAsignalgraup obtained throughtheantenna 1 turns into only signals Of the 

ZShlte received Anal inputting circuit 81 induding the recepfion bandpass finer 96. The signal ^^^^^^ 
Se3ncontnrtcircuit^tohaveagK.en level, before b«ng supplied to the 

UMre are aiwen sancling pulses being a combination of a pulse group with a frequency n times (n . an integer) the fre 
5?eJ,J to ^ a^SSSulse groupLh the same frequency whi* are supplied from the sampling «'9"a' 9^^^^^"? 
Ses" mis. the LeLdsSnTis converted irtodalacertering on the desired diannelsign^^^ 

rndLrs^mZgU«tionofth?A/Dconverter90.andthenbeingto^ 

the ooeratirw unH 93 produces the information in the case that the frequency conversion is made at a frequency fc to. 
TndfSr^erSLcorrelation operation to extrad the d^^^ 

From the above, accoiding to this embodiment, as a general example, in a ^•^""iS^^^^^S^^',^^^^ 
BPSK type digital modulating method or the like, the desired wave diannel » recewable "^"^^^^^^ 
convert^, whfch can resize a receiving drcuH which is capable of reducing the f^.^^^^^^^,^^ 
drcuit Incidentally, although in this twenty-sixlh embodiment one A/D converter 90 is ^^^^V^J^°^^ 
rt fe^sol^riate that L A/D converters are disposed in parallel to separately supply two kinds of sampling pulse 
trains which in turn, are synthesized after the digital signal output is obtained. 

Twentv-Sf ««ntti Embodiment 

Rg 45 is a Wo* diagram showing an arrangement of a receiving drcuit according to a t««'«y-««^«"* ^"*«';";^"! 
of thS inven^on. In Fig. 45. reference^numeral 1 represents an antenna, numeral 81 
drcuit for accepting a received signal obtained through the antenna 1. numeral 88 denotes a gan contre^ 
rJSoutLg^niljustmem for the received signal, numeral 90depidsafirs^ 

it Ignal of fhe gain contrd drcuH 88, numeral 91 designates a second A/D converts tor ^^^^^^^^ 
KgSncorTtrolcircurt88asasignalledthroughasystem(path)differentfromthes,^emto^^^^^^ 

nurneral 92 indicates a sampling signal generating source comprising a sampling do* generating sedion 92a for «rt 
SadJSSI frequency higL*an the frequency corresponding 

KSd scSkJ Mi c«iertei9S. 91. a delayed putee adding sedion 92b for ^'^^'"a^^^^^'^P"^^;"!^^^^^ 
pSg do* pulse train, and a pulse adding sedion 92c for supplying the sampling do* pulse ^^a'" »^ ^^^l^^?'^ 
DulseS. as sampling pulses to the first and second Art) converters 90. 91 . numeral 93 s.gnrf.es an operatng uni f^ 
: ^acS a dS^ reviving Channel signal from the digital output data of the M> converters 90. 91. a-^ "r,^^^ 
^S^aphase shifter for accepting the gain control di«.it88toshm its phas^^ 

M) converter 92. The received signal inputting sedton 81 is made up of an ampWier 94 and a reception bandpass f rfter 



96. 
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Secondly, a description will be made hereinbelow of an operational principle and an operation of tine twenty-sixtii 
embodiment. A signal group obtained through the antenna 1 turns into only signals of the communication channel band 
through the received signal inputting circuit 81 including the reception bandpass fitter 96. The signal is gain-adjusted in 
the gain control circuit 88 to have a given level. The output of the gain control circuit 88 ts distributed into two systems. 
One system output supplied to the first A/D converter 90. In tiiis first A/D converter 90, there are given sampling pulses 
being a oombination of a dock pulse train with a frequency higher than the frequency corresponding to the band width 
of the received signal, i.e.. a pulse group witii a frequency n times (n : an integer) the frequency fb and a delayed pulse 
group with the same frequency which are supplied from the sampling signal generating source 92. Thus, it is subjected 
to the sampling control. The first A/D converter 90 produces the digital signal output as well as the A/D converter in the 
aforesaid twenty-sixth embodiment and supplies it to the opening unit 93. On the other hand, the output of the gain con- 
trol circuit 88 is distributed to the other system (second system). This second system is connected with the phase shifter 
99, where the received signal undergoes a phase variation of 90 degrees. This phase-shifting-processed signal is input- 
ted into the second A/D converter 91. The second A/D converter 91 accepts, from the sampling signal generating 
source 92. a dock pulse train witti a frequency with a frequency higher than the frequency corresporKling to the band- 
width of the received signal, i.e., a pulse group with a frequency n times (n : an integer) the frequency fo. and a delayed 
pulse group with the same frequency, to perform the sampling process for that signal. The operating unit 93 produces 
the information in the case that the frequency conversion is made at frequency f c - fb and further carries out the con-e- 
lation operation to extract the desired signal (BPSK signal) as a common wave. As a resuK. the BPSK signal extracted 
from the digital output of the second A/D converter 91 in the operating unit denotes the information including the output 
of the first A/D converter 90 and a phase difference of 90 degrees. These two kinds of information constitute a QPSK 
infornmation. Thus, this means that the demodutatton is possOale in terms of tiie signal in the QPSK type communication 
method. 

From the above, according to tills embodiment, as a general example, in a comnujntoation system based on the 
BPSK type digital modulating method or the like, the desired wave channel is recelvak>le without use of the frequency 
converter, which can realize a receiving circuit which is capable of redudng the power consumption and simplifying the 
circuit 

Twenty-Eighth Smixriiment 

Rg. 46 is a block diagram showing an arrangement of a receiving circuit according to a twenty-eighth embodiment 
of this invention. This embodiment realizes the space diversity witii a receiving drcuit basically comprising a single 
direct quadrature detector which is built in a local frequency complementary offset type direct frequency converting sys- 
tem which bases this invention. In Rg. 46, numeral 1 represents a plurality of antennas induding a first antenna la and 
a second antenna lb. A first received signal inputting drcuit 81 accepts a first received signal obtained through the first 
antenna la, a second received signal inputting circuit 82 accepts the received signal obtained through the secorxJ 
antenna lb, a first frequency converter 83 accepts the received signal from tiie first received signal inputting circuit 81 
to perform a frequency conversion ttiereof. and a second frequency converter 84 accepts the received signal from the 
secorxl received signal irputting circuit 82 to carry out a frequency conversion thereof. Further, a local oscillator 85 off- 
sets a desired canier frequency by 1/2 of the channel spadng frequency and outputs it to the first and second frequency 
converters 83. 84. a first low-pass fitter 86 cuts off the high-frequency band of the output signal of the first frequency 
converter 83; a second low-pass'filter 87 cuts off the high-frequency band of the output signeJ of the second frequency 
converter 84, a first gain control (AQC) circuit 88 adjusts the gain of the first received signal, a second gain control cir- 
cuit 89 adjusts the gain of the second received signal, a first A/D converter 90 /VD -converts the output signal of the first 
frequency converter 83. and a second A/D converter 91 A/D-converts the output signal of the second frequency con- 
verter 84. Still further, a sampling signal generating source 92 generates a dock with a frequency higher than the fre- 
quency corresponding to the bandwidtti of the received signal toward the first and second A/D converters 90, 91 . adds 
a delayed pulse train to a sampling clock pulse tain, and supplies the sampling clock pulse train and tiie delayed pulse 
train as the sampling pulses to tiie first and secorxj A/D converters 90. 91 , and an operating unit 93 extracts a desired 
receiving channel signal from the digital output data of the first and second A/D converters 90, 91 . The first and second 
received signal inputting circuits 81 . 82 are made up of amplifiers 94, 95 and reception band^ss fitters 96, 97, respec- 
tively. 

Secondly, a description will be made hereinbelow of an operational prindple and an operation of the twenty-eightii 
embodiment. A signal group attained through the first antenna 1a passes tiirough the reception bandpass filter 96 to 
get into a signal of only the communication channel band, before being frequency-converted at the offset local oscilla- 
tion frequency fc -i- fo in the first frequency converter 83. This local frequency is fed from the loceil osditator 85. As a 
result, the outputs of the frequency 2fc + fb and the frequency -fo are supplied to the first low-pass filter 86. where the 
signal with the frequency -fo is derived because of the low-frequency passing characteristic. This signal is adjusted by 
the first gain control circuit 88 to have a given level, before being fed to the first A/D converter 90. which also receives 
a pulse group being a combination of a pulse group with a frequency n times (n : an integer) ttie frequency fb and a 
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delayed pulse group with the same frequency from the sampling signal generating source 92. Thus, the f iist JVD con- 
JeSrlo SiSLTe secondary sanpSig operation so that the inputted signal is converted into the data centenng on 
the desired channel signal. The converted signal is supplied to the operating unit 93. 

A Signal group received by the second antenna 1b is changed into a Signal of only the 
through the reception bandpass filter 97 and then frequency-converted at the local oscllatmn frequency fc + fe ThB 
SS«nTequencyissuppliedfrom*^ 

aSt^rfrequencT-fo are supplied to the second low-pass filter 87. where the signal w,th the frequenqr -fo « denved 
b^u^ of the lw,.frequen«J^passing characteristic. This signal is adjusted by the second gain control circurt 89 to 
SS^ivl^^rbSeb^^g'^edtomesecondA/Dconvertergi Which al^ 

«?th a frequency n times (n : an integer) the frequency fo and a delayed pulse group w,th the same fr«^«"«y 
^mrtlnTsignal generating source 92. Thus, the second /VD converter 91 obtains the secondary sampling operation 
^Tjr?.e Tri^S Signal^ converted into the data centering on thedesired channel signal. ^-f^^ 
SppHed to operau-ng unit 93. On the basis of both data the operatingunH ^ P«^"««= "^^^^^ '"J^^J 
that the frequency conveision is made at the frequency fc - fo. and performs the oorrelaton operation to extract the 
desired signal as a common wave. 



Twentv-Ninih Embodiment 

Fig. 47 is a block diagram showing an arrangement of a receiving circuit according to a <«;e'«y-"''«'! f^^^^^ 
Of this invention. TWs eniodiment has the almost same arrangement as that of the ^^resaid tw^2:r2IeSlS; 
ment. and the parts ooiresponding to those of the twenty-eighth embodiment are marked wrth *e f-^^ numerals and 
S^d^taileddiaiplionZLf win be omitted fbr brevity, in this twenty-ninth embodime^ 
vided.onelocaloJdllalor85abeing the sameasthelocal oscillator 85 inm^ 

nected with the first frequency converter 83 to supply the local ISSc^iSC^fi^ 
oscillator 85b being connected with the second frequency converter 84 to supply the local osallation frequency ft: to 

"'^^ sLndly. a description will be made herelnbelow of an operational principle and an operation of the t|«enl|^ninth 
emlwdiment A signal group received by a first antenna la is changed into a signal of only the communication ctenne^ 
SiSmS a rieptfon indpass filter 96 and is frequency-converted at the offset local oscillaton fr^u^cy fc * to 
rnlhe«ra frequency converter^. This local oscillation frequency is supplied from the local oscillator 85a. As a resuK^ 
Li;^X^uency2fc.foandthefrequency-fc,aresuppliedtothefi^ 

the frequency -to is derived by the low-frequency passing characteristic. This signal is processed in thef irst gam confrol 
drc^ra^rhaveaglvenlevSfandthensu^^^^ 

group belngacomLationofapulse group withafrequencyntimes the frequencyfoarxfadel^^ 
5,e «.me frequency which are supplied from a sampling signal generating source ^. Ttius. the first >^ conv^^er 90 
wnSrts thrsignal into data cemering on the desired channel signal by the secondary sampling operat«n. with the 
converted data being supplied to the operating unit 93. , ♦u«..„„«™,ni 

On the other ha^. a signal group received by a second antenna 1 b is ^^^'"^^^^^^J^^^. 
cation channel band throughareceptionban*assfi«er97 and isfrequency-converted at theo^^ 

quencyfr:-foin the second frequency converter 84. This local oscillation^frequency^^ 

85b to a result the outputs of the frequency 2fc - fo and the frequency fo are supplied to the ^f^ond low-pa^ Wer^^^ 
^£e signal J»ith thefrequency - to is derived by the low-frequency passing characteristic. This signa isprocessed 
^rseSSi^grcLol drcuitig to have a given 1^^ 

)W co^rter 91 accepts a pulse group being a continaSon of a pulse group wHh a frequency n times the frequen^ 
J^rS^ dX«i pulse group'with ^e frequency which are supplied from a sampling 
?,us.these«5ndA/D«x,nverter9l converts thesignalintodatacenlering on the desirolcta^ 
aTy sanpling operation, wrth the converted data being supplied to the operating unit 93. '^J^.s o^ bc«i *e 
the operating unit 93 produces the Information in the case that the frequency conversion is made at the frequency fc 
fo. and frJrther performs the correlation operation to exfract the desired signal as a common -wave. 

TTiirtioth Embodiment 

Rg. 48 is a Wockdiagram showing an arrangement of a receiving circuit according to a °! "J 

inve^Sn. The recoiling circuit accorfing to this embodiment basically has the same ^'^'^^^^^l^ 
3v eighth embodiment and the twenty-ninth entxxJiment. whne the consfruction is further simpWied. In Fig. 48. 
SS^^SonZTto those of both meXesaid en^ 
SSreof will briefly be made herelnbelow. In Fig. 48. numeral 1 represents a pluraMy c* 
antenna 1 a and a second antenna 1 b. A first received signal inputting circuit 81 accepts a 

trough thefirst antenna la. a second received signal inputSng ciroiit 82 accepts the receded signal obtained through 
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the second antenna 1b. a first gain oontrol circuit 88 adjusts the gain of the first received signal, a second gain control 
circuit 89 adjusts the gain of the second received signal, a first A/D converter 90 A/D-converts the output signal of the 
first gain control circuit 88. and a second A/D converter 91 A/D-converts the output signal of the second gain control 
circuit 89. Still further, a sampling signal generating source 92 generates a dock with a frequency higher than the fre- 

5 quency corresponding to the bandwidth of the received signal toward the first and second A/D converters 90. 91 . adds 
a delayed pulse train to a sampling clock pulse train, and supplies the sanpling clock pulse train and the delayed pulse 
train as the sampling pulses to the first and second A/D converters 90, 91 . and an operating unit 93 extracts a desired 
receiving diannel signal from the digital output data of the first and second A/D converters 90, 91 . The first and secorvl 
received signal inputting drcuits 81 . 82 are made up of amplifiers 94. 95 and reception bandpass fitters 96. 97. respec- 

10 tively. 

Secondly, a description will be made hereinbelow of an operational principle arxJ an operation of the thirtieth 
embodiment. A signed group received by a first antenna la is changed into a signal of only the communication channel 
band through a reception bandpass fitter 96. This signal is processed in the first gain control drcuit 88 to have a given 
level and then supplied to the first A/D converter 90. This first A/D converter 90 accepts a pulse group t>eing a oomtM- 

IS nation of a pulse group with a frequency n times the frequency fb and a delayed pulse group with the same frequency 
which are supplied from a sampling signal generating source 92. Thus, the first A/D converter 90 converts the signal 
into data centering on the desired channel signal by the secondary sampling operation, with the converted data being 
supplied to the operating unit 93. 

On the other hand, a signal group received by a second antenna lb is changed into a signal of only the communi- 

20 cation channel band through a reception bandpass filter 97. This signal is processed in the second gain control circuit 
89 to have a given level and then supplied to the second A/D converter 91. This second A/D converter 91 accepts a 
pulse group being a combination of a pulse group with a frequency n times the frequency fo and a delayed pulse group 
with the same frequency which are supplied from a sampling signal generating source 92. Thus, the secorKi A/D con- 
verter 91 converts the signal into data centering on the desired channel signal by the secondary sampling operation, 

25 witii the converted data being supplied to the operating unit 93. On the basis of both the data the operating unit 93 pro- 
duces the information in the case that tiie frequency conversion is made at tiie frequency fc - fo. and further performs 
the correlation operation to extract the desired signal as a common wave. In this embodiment, the frequency conversion 
is not earned out before the A/D converter, but the A/D converter itsetf is designed to have that function. 

From the above, this errbodiment can realize a space diverdty function which is built in a local frequency comple- 

30 mentary offset type frequency converting method which bases this invention. 

According to this invention, as obvious from the above<lescribed embodiments, the frequency between the chan- 
nels contained in a communication system is directly converted as the local frequency of the receiver, t^esides it is pos- 
sible to prevent the frequency offset arising in its output signal and the introduction of the adjacent channel signals 
thereinto, and hence it is possible to lessen the power in the receiving system, simplify the drcutt, and reduce the power 

35 consumption. 

It should be understood that the foregoing relates to onfy preferred embodiments of the present invention, and that 
it is intended to cover all changes and modifications of the emtxxJiments of the invention herein used for the purposes 
of the disclosure, which do not constitute departures from the spirit and scope of the invention. 

40 Claims 

1 . A receiving circuit comprising: 

first and second frequency converting circuits for accepting a received signal obtained through an antenna; 

45 a local frequency signal generating circuit coupled to said first and second frequency converting circuits for 

generating middle frequencies between a radio carrier frequency of said received signal and radio canier fre- 
quencies of adjacent upside and downside channels and further for outputting the upside frequency of the 
upside and downside two wave frequendes as a conversion frequency input to said first frequency converting 
drcuit and for outputting tiie downside frequency thereof as a conversion frequency input to said second fre- 

50 quency converting drcuit; 

a common wave extracting circuit coupled to said first and second frequency converting drcuits for extracting 
a component present in common in both outputs of said first and second frequency converting circuits; 
a frequency offset drcuit coupled to said common wave extracting drcuit for removing a frequency offset 
remeiining in an output of said common wave extracting circuit; and 

55 a filter coupled to said frequency offset circuit for removing an unnecessary frequency component remaining 

in an output of said frequency offset drcuit. 

2. A receiving circuit comprising: 
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first and second frequency converting circuits tor accepting a received signal obtained through an antenna; 
a local frequency signal generating circuit coupled to said first and second frequency converting circurts for 
generating middle frequencies between a radto canier frequency of said received signal and radio earner fre- 
quencies of adjacent upside and downside channels and further for outputling the upside frequency of »ie 
upside and downside two wave frequencies as a conversion frequency input to said first frequency <xmeim 
circuH and for outputBng the downside frequency thereof as a conversion frequency input to said second fre- 
quency converting circuit; ^ ...... 

a first frequency offset circuit tor removing a frequency offset contained in an output of said first frequency con- 

rSiSTiuency offeet circuit for removing a frequency offset contained in an output of said second fre- 
quency converting circuit; . ^ ^ ^ j <m 
a common wave extracting circuit for exfracting a component present in common in both outputs of said first 

and second frequency offset circuits; and 

a filter tor removing an unnecessary frequency component left in an output of said common wave exfracimg 
circuit. 

3. A receiving circuit comprising: 

first and second frequency converting circuits for accepting a received signal obtained through an antenra; 
a tocal frequency signal generating circuit coupled to said first and second frequency converting arcuits for 
generating middle frequencies between a radto carrier frequency of said received signal and radio earner fre- 
quencies of adiacent ipskJe and downside channels and further for outputting the upside frequency of the 
upside and downside two wave frequencies as a conversfon frequency input to said first frequency convertng 
circuit and for outoutling the downside frequency thereof as a conversion frequency input to said second fre- 
querKy converting circuit; 

first quantizing means for quantizing an output of said first frequency converting circuit; 
second quantizing means for quantizing an output of said second frequency convertng circuit: 

a common wave exfracting circuH for exfracting a component present in common in both outputs of said first 

and second quantizing means; 

a frequency offset circuit for removing a frequency offset remaining in an output of said common wave exfract- 
'Xr toJ'rJUwving an unnecessary frequency component left In an output of said frequency offset circuit 
4. A receiving circuH comprising: 

firet and second frequency converting circuits for accepting a received signal obtained through an antenna; 
a local frequency signal generating circuit coupled to said first and second frequency converting arcuits tor 
generating middle frequencies between a radto earner frequency of said received signal and radio earner fre- 
quencies of adjacent upside and downside channels and further for outputting the upside frequency of the 
upside and downside two wave frequencies as a conversion frequency input to said first frequency convertng 
dicuit and tor outputting the downside frequency thereof as a conversion frequency input to said second fre- 
quency converting circuit; 

first quantizing means tor quantizing an output of said first frequency converting circuit; 

second quantizing means tor quantizing an output of said second frequency converting circuit: 

a first frequency offset circuit tor removing a frequency offeet contained In an output of said first quantizing 

a seoorel frequency offset circuit for removing a frequency offeet contained in an output of said second quan- 
tizing means; . ^ ^ ^ j < j is-^ 

a common wave exfracting circuit for extracting a component present in common in both outoute of said first 

and second frequency offset cireuite; and 

a filter for removing an unnecessary frequency component left in an output of said common wave exfracting 

droA. 

5. A receiving circuK comprising: 

first and second quadrature demodulating cireuite for receiving a received signal obtained through an antenna; 
a local frequency signal generating circuit coupled to said first and second quadrature demodulating circuits for 
generating middle frequencies between a radio carrier frequency of said received signal and radio earner fre- 
quencies of adjacent upside and downside channete and further for outputting the upside frequency of the 
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upside and downside two wave frequencies as a conversion frequency Input to said first quadrature demodu- 
lating circuit and for outputting the downside frequency as a conversion frequency input to said second quad- 
rature demodulating drcuit: 

a first common wave extracting circuit coupled to said first and second quadrature demodulating drcutts for 
extracting a component present In common in botti I outputs of said first and second quadrature demodulating 
drcuKs; 

a second common wave extracting circuit coupled to said first and second quadrature demodulating drcuits for 
extracting a component present in common in both a Q output of said first quadrature denrxx^utating drcuit and 
a Q output of said second quadrature demodulating drcuit reversed in polarity: 

a first frequency offset drcuit for removing a frequeruiy offset remaining in said I output extracted through said 
first common wave extracting drcuit; 

a second frequency offset drcuit for removing a frequency offset remaining in said Q output extracted through 
said second common wave extracting drcuit; 

a first filter for removing an unnecessary frequency component remairvng in an output of said first frequency 
offset circuit; and 

a second filter for removing an unnecessary frequency component remaining in an output of said second fre- 
quency offset drcuit 

A receiving drcuit comprising: 

first and second quadrature demodulating drcuits for receiving a received signal obtained through an antenna; 
a local frequency signal generating drcuit coupled to said first and second quadrature demodulating circuits for 
generating middle frequencies between a radio canrier frequency of said received signal and radio carrier fre- 
quencies of adjacent upside and downside channels and further for outputting the upside frequency of the 
upside and downside two wave frequencies as a conversion frequency input to said first quadrature demodu* 
lating drcuit and for outputting the downside frequency as a conversion frequency input to said second quad- 
rature denrxxiulating drcuit; 

first and second frequency offset circuits for removing a frequency offset contained in common in I outputs and 
Q outputs of said first and second quadrature demodulating circuits; 

a first common wave extracting circuit for extracting a component present in common in both said I outputs of 
said first and second frequency offset drcuits; 

a second common wave extracting circuit tor extracting a component present in common in both said Q output 
of said first frequency offset drcuit and said Q output of said second frequency offset drcuit 61 reversed in 
polarity; and 

first and second filters for removing unnecessary frequency components remaining in outputs of said first and 
second common wave extracting drcuits. 

A receiving circuit comprising: 

first and second quadrature demodulating circuits for receiving a received signal obtained through an antenna; 
a local frequency signal generating circuit coupled to said first and second quadrature demodulating circuits for 
generating middle frequendes t)etween a radio carrier frequency of said received signal and radio carrier fre- 
quencies of adjacent upside and downside channels and further fbr outputting the upside frequency of the 
upside and downside two wave frequencies as a conversion frequency input to said first quadrature demodu- 
lating drcuit and for outputting the downside frequency as a conversion frequency Input to said second quad- 
rature demodulating drcuit; 

first and secorxi quantizing means for quarttlzing an I output and a Q output of said first quadrature demodu- 
lating circuit, respectively; 

tiilrd and fourth quantizing means for quantizing an I output and a Q output of said second quadrature demod- 
ulating circuit, respectively; 

a first common wave extracting circuit for extracting a component present in common in said I outputs of said 
first and third quantizing means; 

a second common wave extracting drcuit fbr extracting a component present in common in said Q output of 
said second quantizing means and said Q output of said fourth quantizing means reversed in polarity; 
a first frequency offset circuit for removing a frequency offset remaining in said I output extracted through said 
first common wave extracting circuit; 

a second frequency offset drcuit for removing a frequency offset remaining in said Q output extracted through 
said second common wave extracting circuit; 
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a fiist filter tor removing an unnecessary frequency component left in an output of said first frequency offset 

circuit: and 

a second filter for removing an unnecessary frequency component left in an output of said second frequency 
offset circuit 

8. A receiving circuit comprising: 

first and second quadrature demodulating circuits for receiving a received signal obtained through an antenna; 
a local frequency signal generating circuit coupled to said first and second quadrature demodulating arcurtsfor 
generating middle frequencies between a radio carrier frequency of said received signal and radio carrier fre- 
quencies of adjacent upside and downside channels and further for oulputling the upside frequency of the 
upside and downside two wave frequencies as a conversion frequency input to said first quadrature demodu- 
lating circuit and for outputUng the downside frequency as a conversion frequency input to said second quad- 
rature demodulating circuit; 

first and second quantizing means for quantizing an I output and a Q output of said first quadrature demodu- 
lating circuit, respectively; 

third and fourth quantizing means tor quantizing an I output and a Q output of said second quadrature demod- 
ulating circuit, respectively: « ^ .w. ^ »„w 
a frequency oHset circuit ft)r removing frequency ofteets remaining m said I outputs and said Q oulputs of said 
first to fourth quantizing means; . 
a first common wave extracting circuit fbr extracting a component present in common in the I oulputs of sau 
frequency offset circuit: ■ 
a second common wave extracting droit for extracting a component present in common in the Q output and 
a polarity-reversed Q output of said frequency offset circuit; 

a first filter tor removing an unnecessary frequency component left in said I output extracted through said fret 
common wave extracting circuit; and ,^,,„.^„ 
a second filter for rertraving an unnecessary frequency component left in said Q output of said second common 

wave extracting circuit. 

9. A receiving circuit as set forth in any one of claims 3, 4. 7 and 8. wherein a correlator for calculating a imrtual cor- 
rectnn is used in place of said common wave extracting circuit, said correlator being coupled to one of an output 
of said quantizing means and said frequency offset circuit. 

10. A receiving circuit as set torth in daim 1 or 2. wherein only said first frequency converting cfrcuit is used for accept- 
ing said received signal, and after a frequency conversion by said fiist frequency converting drcuit a frequericy- 
converted output of a side where no frequency conversion is effected by said first frequency converting arcuil is 
obtained by another frequency converting circuit to attain two frequency-converted outputs necessary tor the com- 
mon wave exfraction. 

1 1. A receiving drcuit as set forth in daim 3 or 4. further comprising a digital frequency convening drcuit. arid wherein 
only said first frequency converting circuit is used for accepting said received signal and only one of said first and 
second quantizing means is used for quantization, and after the quantization by said quantzing means, a fre- 
quency-converted oulput of a side where no frequency converston is performed by said first frequency convertng 
drcuit is obtained by said digital frequency converting drcuit to obtain two frequency-converted digital outputs nec- 
essary for the common wave extraction. 

12 A receiving circuit as set forth in daim 5 or 6. further comprising a frequency converting drcuit. and wherein only 
one of said first and second quadrature demodulating drcults is used for accepting said received signal, and two 
outputs of said quadrature demodulating drcuit are frequency-converted by said frequency converting arcurt to 
obtain a frequency-converted oulput of a side where no quadrature demodulation is made, to obtain two quadra- 
ture-demodulated outputs necessary fcjr the common wave extraction. 

13 A receiving drcuit as set torth in daim 7 or 8. further comprising a digital frequency converting circuit, and wherein 
only one of said firet and second quacfrature demodulating drcults is used for accepting said received signal and 
only said second and third quantizing means are used, and after «ie quantization by said quantizing nieans^ two 
oulputs of said quantizing means are frequency-converted by said digital frequency converting drcuit toobta'" a 
frequency-converted oulput of a side no quadrature demodulation is effected, to obtain two quadrature-modulated 
outputs necessary for the oonmion wave extraction. 
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14. A receiving circuit comprising: 

first and second frequency converting circuits for accepting a received signal obtained through an antenna: 
a local frequency signal generating circuit coupled to said first and second frequency converting circuits for 
generating middle frequencies between a radio carrier frequency of said received signal and radio earner fre- 
quencies of adjacent upside and downside channels and further for outputting the upside frequency of the 
upside and downside two wave frequencies as a conversion frequency input to said first frequency converting 
circuit and for outputting the downside frequency thereof as a conversion frequency input to said second fre- 
quency converting circuit; 

first and second integrating circuits, serving additionally as low-pass filters, for receiving outputs of said first 
and second frequency converting circuits through input fines; 

first and second buffer amplifiers for receiving outputs of said first and second integrating circuits; 
first and second transformers having the same construction and having primary coils whose one ends accepts 
outputs of said first and second buffer amplifiers, the other ends of S€Ud primary coils of said first and second 
transformers being grounded in the form of alternating currents, and secondary coils of said first and second 
transformers being coupled in parallel to each other in accordance with polarities of said primary coils and one 
ends of said secondary coils equal in polarity to said primary coils is used as an output terminal while the other 
ends of said secondary coils are grounded; 

a third buffer amplifier for accepting an output from said first and second transformers; 

a frequency offset circuit for removing a frequency offset remaining in an output of said third buffer amplifier; 

and 

a filter for removing an unnecessary frequency component remaining in an output of said frequency offset 

15. A receiving circuit comprising: 

first and second frequency converting circuits for accepting a received signal obtained through an antenna; 
a local frequency signal generating circuit coupled to said first and second frequency converting circuits for 
generating middle frequencies between a radio carrier frequency of said received signal and radio carrier fre- 
quencies of adjacent upside and downside channels and further for outputting the upside frequency of the 
upside and downside two wave frequencies as a conversion frequency input to said first frequency converting 
circuit and for outputting the downside frequency thereof as a conversion frequency input to said second fre- 
quency converting drcuit: 

first and second differential amplifiers for accepting outputs of said first and second frequency converting cir- 
cuits through input lines; 

first and second integrating circuits, serving additionally as low-pass filters, for correspondingly accepting out- 
puts of said first and second differential amplifiers; 

first and second buffer amplifiers for supplying outputs of said first and second integrating drcuits; 
means for making a feedksack from an output side of each of said first arvJ second txiffer amplifiers to a nega- 
tive input side thereof; 

first and second transformers haying the same construction and having primary coils whose one ends accepts 
outputs of said first and second buffer amplifiers, the other ends of said primary coils of said first and second 
transformers being at least grounded in tiie form of alternating currents, and secondary coils of said first and 
second transformers being coupled in parallel to each other in accordance with polarities of said primary coils 
and one ends of said secondary coils equal in polarity to said primary coils is used as an output terminal while 
the other ends of said secondary coils are at least grounded in the form of alternating currents; 
a third buffer amplifier for accepting outputs of said first and second transformers; 

means for comparing an output of said third buffer amplifier with an average of the output of said first frequency 
converting circuit and the output of said second frequency converting drcuit to correct the outputs of said first 
and second frequency converting drcuits; 

means for causing an output of said tiiird buffer amplifier to be feedbacked to one of said first and second fre- 
quency converting drcuits to correct a difference between the outputs of said first and second frequency con- 
verting drcuits; 

a frequency offset drcuit for removing a frequency offset remaining in said output of said third buffer amplifier; 
and 

a filter for renwving an unnecess€uy frequency component remaining in an output of said frequency offset cir- 
cuit. 
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16 A receiving circuit as set forth in daim 14. wherein said one end of said secondary coil different in polarity from said 
pr[ma^y cJil is connected with said tHrt txifler amplifier in place of said end end of said secondary co.1 equal .n 
polarity to said primary coil being connected therewith. 

17 A receiving circuit as set forth in daim 15. wherein said one end of said secondary coil differeritinpolarity from said 
primiy cSil is connected with said third buffer amplifier in place of said end end of said secondary co.1 equal .n 
polarity to said primary coil being connected therewith. 

18. A receiving drcuit as set forth in any one of daims 1 to 13. further comprising local frequency generating means 
coupled to said frequency offset drcuH. said local frequency generating means including: 

afirst frequency signal soureefbr generating a signal with a frequency equal to a carrier frequency of adesired 

f'^TSreKccepling a signal from said first frequency signal source to phase-shift the accepted signal by 

a phase amount of Tie with respect to a frequency of the accepted signal: ^rt„„„«i 

a second frequency signal source for generating a signal with a frequency equal to 1/2 of a frequency diannel 

SSS ineans for accepting a signal from said second frequency signal source to phase-shift a frequency of 

the accepted signal by a phase amount of it/2; 

a first quadrature modulator comprising a multiplier for receiving the two signals from said *'fstand^e««^ fre- 
quency signal sources and a multiplier for receiving two signals from said first and second phase^hilting 

r^nd'Juadrature modulator conprising two multipliers for receiving one of the two signals from said first 
and second frequency si^al sources through said phase-sNfting means. 

19 A receiving drcuit as set forth in any one of daims i to 13. further comprising focal frequency generating means 
coupled to said frequency offset drcuit. said local frequency generating means including: 

a first frequency signal source for generating a frequency signal equal to a carrier frequency of a desired 

f S^'mSSTaccepting a signal from said f iist frequency signal source to phase-shift the accepted signal by 
a phase amount of it«vwth respect to a frequency of the accepted signal: 

a second frequency signal source for generating a frequency signal equal to 1/2 of a frequency channel spac- 

s^nd means for accepting a signal from said second frequency signal source to phase-shift a frequency of 
the accepted signal by a phase amount of Jt/2: 

multipliers for receiving the two signals from said fiist and second frequency signal sources; and 

means for inverting the polarity of an output of one of said multipliers to add the polarity-inverted output to an 

output of the other multiplier. 

20 A receiving drcuit as set forth in any one of daims 1 to 13. further comprising local frequency generating means 
coupled to said frequency offset drcuit said local frequency generating means induding: 

a frequency signal source for generating a frequency signal equal to a carrier frequency of a desired receiving 

means for accepting a signal from said frequency signal source to phase-shift the accepted signal by a phase 

amount of n/2 with respect to a frequency of the accepted signal; «,«,„™„ sianal 

a quadrature modulator comprising two multipliers for accepting a frequency signal from said frequency signal 
source through said phase shifting means: and Jj-„ .u- ~jori4« .r^artori 

means for inverting the pdarity of an output of one of said two multipliers and for adding the pdanty-inverted 
output to an output of the other multiplier. 

21 . A receiving circuit as set forth in any one of daims 1 to 1 3. comprising: 

means for analog-to^JigHal-converting first and second received signals obtained ttirough one of said fre- 
quency converting circuits and said quadrature demodulating drcuits; 

first and second Fourier transformer for accepting digital outouls of said anatog-to>d«ital converting means. 
L^Sat? for accepting outputs of said first and second Fourier transformers at every frequency component: 
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a weighting function device for accepting an output of said correlator: 

a weighting value multiplier for accepting an output of said weighting function device; 

an adder for accepting said outputs of said first and second Fourier transformers; 

means for inputting an addition resuH of said adder to said multiplier; and 

an inverse Fourier transformer for accepting an output of said weighting value multiplier. 

wherein an Inverse Fourier transformed output of said inverse Fourier tTEmsformer Is used as a desired wave 

extraction result 

22. A receiving circuit comprising: 

received signal inputting means for receiving a received signal from an antenna: 

a quadrature demodulator for canying out a frequency converting process of said received signal from said 
received signal inputting means to obtain two output signals different in phase; 

first and second analog-to-digital converters for accepting one output signal of said quadrature demodulator to 
convert its analog signal into a digital signal; 

a sampling clock generator for generating a dock with a frequency which Is more than two times a frequency 
conesponding to a bandwidth of said received signal; 

a delay circuit for delaying a pulse train from said sampling clock generator to produce a delayed pulse train; 
third and fourth analog-to-digital converters for accepting the other output signal off said quadrature demodula- 
tor to convert its analog signal into a digital signal; 

means for providing said pulse train from said sampling clock generator and said delayed pulse train as an 
sampling pulse for said first to fourth analog-to-digital converters; and 

means for extracting a quadrature component of a desired receiving channel signal from digital output data off 
said first to fourth anak>g-to-digital converters. 

23. A receiving circuit comprising: 

received signal inputting means for receiving a received signal from an antenna; 

a quadrature demodulator for carrying out a frequency converting process of said received signal from said 
received signal inputting means to obtain two output signals different in phase; 

first and second analog-to-digital converters for accepting one output signal of said quadrature demodulator to 
convert its analog signal into a digital signal; 

a sampling clock generator for generating a dock with a frequency higher than a frequency corresponding to a 
k>andwtdth of said received signal; 

a delay drcuit for delaying a pulse train from said sampling clock generator to produce a delayed pulse train; 
tiiird and fourth analog-to-digital converters for accepting tiie other output signal of said quadrature demodula- 
tor to convert its analog signal into a digital signal; 

means for providing said pulse train from said sampling clock generator and said delayed pulse train as an 
sampling pulse for said first to fourth analog-to-digital converters; and 

means for extracting a quadrature component of a desired receiving channel signal from digital output data of 
said first to fourth analog-to-digltal converters. 

wherein a delay time of said delay circuit is set to a time other than a phase difference corresponding to n 
with respect to a frequency of said desired channel signal. 

24. A receiving circuit as set forth in claim 22, wherein a delay time of said delay drcurt is set to a phase difference cor- 
responding to Tc/2 with respect to a frequency of said desired channel signal. 

25. A receiving circuit comprising: 

received signal inputting means for receiving a received signal from an antenna; 

first and second analog-to-digital converters for accepting said received signal to convert said received signal 
into a digital signal; 

a sampling clock generator for supplying, to said first and second analog-to-digital converters, a clock with a 
frequency higher than a frequency corresporxJing to a bandwidth of said received signal; 
an adding circuit for adding a delayed pulse train to a pulse train from said sampling clock generator; 
means for providing said pulse train from said sarrpling clock generator and said delayed pulse train as an 
sampling pulse for said first and second analog-to-digital converters; and 
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means for extracting a desired recehnng channel signal fro^ 
tc^digital converters. 

A receiving circuit as set forth Ir, claim 25. wherein a delay time of said delayed pulse Jan adding circift is set to a 
phase difference time coiresponding to 7c/2 with respect to a frequency of said desired channel signal. 

27 A receiving circuit as set forth in claim 25. wherein means is provided to generate a plurality of delayed pulse ti^ns. 
SiS^i^rySSeof said delayed pulse train isparticularly 
to jt with respect to a frequency of said desired channel signal. 

28. A receiving circuit comprising: 

received signal inputting means for receiving a received signal from an antenna; . „ . „ ^^f-, 

an analog-Lligitel converter for accepting said received signal to convert said rece«.ed sqjnat into a digital 

a M^i^ling clock generator for generating, to said analog-to-digrtal converter, a ctock with a frequency higher 

than a frequency corresponding to a bandwidth of said received signal: . _, . » 

an adding circuit for adding a delayed pulse train to a pulse train from said flf* J®"!™*^ „„ 

means for providing said pulse train from said sampling dock generator and said delayed pulse tram as an 

sanpling pulse for said analog-to-tfigital converter: and ^ ^ , 

means for extracting a desired receiving channel signal from digital output data of said analog4o<i.grtal con- 

verier. 

29. A receiving circuit comprising: 

a plurality of received signal inputting means for accepting received signals from a plurality of antennas, 
respectively: • • i 

first and second frequency converting means for accepting said received signals: 

a local oscUlator for supplying, to said first and second frequency converting means, an oiJpul at a frequency 
produced by frequency-offsetting a desired carrier frequency by 1/2 of a channel spacing frequency; 
ESfsSor^anatog-to-digital converters for accepting signals from said first and second frequency con- 

rSlTnJSiTeSS'for supplying, to said analog-to-digital cortverters. a dock with a frequ«,cy higher 
than a frequency corresponding to a bandwidth of said received signal; 

an adding circuit for adding a delayed pulse train to a pulse train from said Wl>r« fleneraton 
means fOr providing said pulse train from said sampling do* generator and said delayed pulse train as an 

sampling pulse for said first and second analog-to-digital converters; and _^ ~<»„=io„ 

me^stoextractingadesired receiving channd signal from digital output dat^ 

to-digital converters. 

30 A receiving drcuH as set forth in claim 29. wherein said local oscillator for providing said output to said first and se^ 
o.S?S!Sncy converting means is provided independently so thatlocal osdilation fr«J"«~'««„7 ^^""^ 
SSjuced by carrying Z positive and negative frequency offsets by 1/2 of a diannel spacing frequency with 
respect to said desired carrier frequency. 

31 . A recehnng drcurt as set forth in claim 29. wherein the two received ^gnals of ^J^'^^^J!^'^^ 
supplied to said first and second analog-to-digital converters wHhout being frequency-converted, and said first and 
second analog-tcxligital converters are made to have a frequency converting function. 

32. A receiving drcuH comprising: 

received signal inputting means for accepting a received signal from an antenna; 

aquadralure demodulator for performing a frequency converting process of said received signal from sekI 

received signal inputting means to obtain two output signals different in phase; 

a firet analog-toKfigrtal converter for accepting one output signal of said quadrature demodulator to convert its 

rSSS'^St^S'l ^^rr. for accepting the o»,er output ^gna. of said quadrature demodu^tor to 
convert its analog signal into a digital signal; 
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a sampling clock generator for supplying, to said first arxi second analog-to-digital converters, a clock with a 
frequency higher than a frequency corresponding to a bandwidth of said received signal; 
a delay circuit for delaying a pulse train from said sanrpling clock generator to produce a delayed pulse train; 
means for supplying said pulse train from said sampling dock generator and said delayed pulse train as sam- 
pling pulses for said f irst and second analog-to-digital converters: and 

means for extracting a quadrature component of a desired receiving channel signal from digital output data of 
said first and second analog-to-digital converter 

33. A receiving circuit comprising: 

received signal inputting means for accepting a received signal from an antenna; 

a quadrature demodulator for performing a frequency converting process of said received signal from said 
received signal inputting means to obtain two output signals different in phase; 

a first analog-to-digital converter for accepting one output signal of said quadrature denrKXlulator to convert its 
analog signal into a digital signal; 

a second analog-to-digital converter for accepting the other output signal of said quadrature demodulator to 
convert its analog signal into a digital signal; 

a sampling clock generator for supplying, to said first and secorvi analog-to-digital converters, a clock with a 
frequency higher tiian a frequency corresponding to a bandwidth of said received signal; 
a delay circuit for delaying a pulse train from said sampling clock generator to produce a delayed pulse trcun; 
means for supplying said pulse train from said sampling dock generator and said delayed pulse train as sam- 
pling pulses for said first and second analog-to-digital converters; and 

means for extracting a quadrature component of a desired receiving channel signal from digital output data of 
said first and second anak>g-to-digttal converter, 

wherein a delay time of said delay circuit is set to a time other than a phase difference corresponding to ic 
with respect to a frequency of said desired channel signal. 

34. A receiving circuit as set forth in claim 32. wherein a delay time of said delay drcuit is set to a phase difference oor- 
resporxJing to n/2 with respect to a frequency of said desired channel signal. 
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